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Figure 1.—Computer plot showing the tracks of the 793 known Atlantic tropical cyclones reaching at least tropical storm intensily (see section 4.1)
over the 95-year period 1886 through 1980, :



Tropical Cyclones of the North Atlantic Ocean, 1871 — 1980

1. INTRODUCTION

Over the 110-year period 1871 through 1980 a total of 882 tropical
cyclones (tropical storms and hurricanes) of various intensities have been
recorded over the North Atlantic area. The formation of these storms
and possible intensification into mature hurricanes take place over warm
tropical and subtropical waters. Eventual dissipation or modification,
averaging a week to 10 days later, typically occurs over the colder waters
of the North Atlantic, or when the storms move over North America
and away from the sustaining marine environment.

The geographical areas influenced by tropical cyclones are often re-
ferred to as tropical cyclone basins. Figure 1 shows the areal extent of
the Atlantic tropical cyclone basin; it includes much of the North At-
lantic Ocean, the Caribbean Sea, the Gulf of Mexico, and a substantial
portion of the adjacent coastal area. The Atlantic tropical cyclone basin
is but one of six in the world; others in the Northern Hemisphere are
the western North Pacific, the eastern North Pacific and the northern
Indian Ocean. The Southern Hemisphere basins are the southern Indian
Ocean and the southwest Pacific-Australian area, Two large tropical
ocean areas are devoid of tropical cyclone occurrence—the South Atlan-
tic and the eastern portion of the South Pacific. Tropical cyclones usually
are restricted to single basins, although in rare instances, storms have
moved between adjacent basins in the same hemisphere.

Because of the potential destructive powers of tropical cyclones, in-
terest in them has always been great. Numerous publications are avail-
able which describe tropical cyclone activity over the various basins. A
major work in 1974 by Crutcher and Quayle (21), contains charts and
diagrams showing storm frequency and motion characteristics over the
six basins. Gray (35, 36, 37) presents an instructive and more theoretical
treatment of global tropical cyclone climatology, including a discussion
of the meteorological conditions associated with tropical cyclone develop-

ment. Studies on individual basins are part of the global-scale clima-
tologies.

Tropical cyclone climatologies are based upon the analysis of many
years of individual tropical cyclones, approximately 82 of which occur
annually over the globe (21). Today, computers perform much of the
previously tedious analysis. Figure 1, for example, would have been ex-
tremely difficult to produce without the aid of a computer. Examples of
the utility of computers in tropical cyclone climatology are given by
Hope and Neumann (49, 50) and Neumann and Hill (69).

Tropical cyclones have always been of concern to mariners and are
reasonably well documented over remote oceanic areas, even back to the
previous century or earlier. Ludlum (59), for example, presents a history
of Atlantic tropical cyclones back to the time of Columbus.

The responsibility for collation and dissemination of tropical cyclone
tracks is not clearly defined, but generally rests with the meteorological
services within the various basins. In the United States, the principal
publisher of annual articles describing a previous year’s North Atlantic
(and Eastern Pacific) tropical cyclone activity is the Monthly Weather
Review (39, 57).

For the Atlantic basin, tropical cyclone tracks have been published
at irregular intervals. U.S. Weather Bureau Technical Paper Number 36
(22) provided tracks and certain statistical summaries for 1886 through
1958. Five years later, Cry, in Weather Bureau Technical Paper Num-
ber 55 (23), extended the tracks backward through 1871 and forward
through 1963, and extended the statistical analysis. For a number of
years, this paper was a standard reference to Atlantic tropical cyclone
activity. It provided the nucleus for this publication and revision which
extends the tracks through the 1980 season.



2. SCOPE

This paper presents North Atlantic tropical cyclone tracks and certain
basic statistical summaries. A detailed analysis of the tracks was not at-
tempted. This is a departure from Cry (23) who includes a considerable
amount of track analysis and interpretation. The omission of some of the
material kept the size of the revision from becoming excessive. Several
other recent publications also deal specifically with the analysis of Atlan-
tic tropical cyclone tracks. These include NOAA publications prepared
for the Federal Flood Insurance Program and the U.S. Army Corps of
Engineers (47, 71, 72) and studies to satisfy the needs of the National
Hurricane Center (42, 48, 85). The National Climatic Center also has
been active in work on tropical cyclone activity to satisfy the operational

needs of the U.S. Navy (18, 19, 20, 21).

Despite the availability of studies dealing with the climatology of
tropical cyclones, many of the hundreds of requests for information re-
ceived annually by the National Climatic Center and the National Hur-
ricane Center still require additional work tailored to specific user re-
quirements. The availability of storm tracks for the complete 110-year
period 1871-1980 should satisfy many of these requests.

Since the study will be used primarily as a reference volume, usets
probably will limit reading of any textual material to sections pertinent

‘to their particular query. For this reason, a certain amount of redun-

dancy between sections was necessary.

3. CHARACTERISTICS OF TROPICAL CYCLONES

It is beyond the scope of this study to discuss details of the characteristics
of tropical cyclones. Some comments are necessary, however, for proper
interpretation of the material presented. The reader is referred to Miller
(63) for more detailed information on the characteristics of tropical
cyclones. Texts by Riehl (78) and Palmén and Newton (73) also devote
chapters to tropical cyclones. The comprehensive study by Dunn and
Miller (26) contains discussions on virtually all aspects of Atlantic tropi-
cal cyclones. Certain specialized topics, such as the state-of-the-art of
forecasting tropical cyclone motion and the meteorological criteria con-
cerning the initial deepening of tropical cyclones, are discussed by Simp-
son {87) and Hebert (45), respectively.

Any closed circulation in which the winds rotate counter-clockwise in
the Northern Hemisphere or clockwise in the Southern Hemisphere is
called a cyclone. The term “tropical cyclone” refers to such a circulation
which develops over tropical waters. Landsberg (53) pointed out that
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these storms may be a major factor in maintaining the atmospheric heat
and moisture balance between the tropics and the poleward latitudes;
they may be thought of as providing a kind of “safety-valve” that limits
the continued buildup of heat and energy in tropical regions.

Cyclones which form outside the tropics (extratropical cyclones) have
structure, energetics and appearance (when viewed from weather satel-
lites or radar) that are different from tropical cyclones. They derive their
energy primarily from contrasts of temperature and moisture and are
typically associated with cold and warm fronts. Tropical cyclones, with
energy derived from the latent heat of condensation of water vapor, are
generally smaller in extent than extratropical cyclones and typically range
from 100 to 600 nautical miles in diameter at maturity. Winds normally
increase toward the center of tropical cyclones with sustained speeds
often exceeding 100 knots near the center. Occasionally, sustained winds
exceeding 150 knots, with still higher gusts, may occur in well-developed




systems. Apart from the wind, other destructive features of tropical
cyclones include torrential rains over a large area and coastal storm
tides of 10 to 25 feet above normal in extreme cases. Indeed, coastal
inundation from the storm surge is primarily responsible for deaths and
damages from these storms in the United States.

A unique feature of tropical cyclones is the central “eye.” The pattern
of winds does not converge to a single point, but becomes tangent to
the eye wall (boundary updraft column) at a radius of about five to 15
miles or more from the geometric center. The eye is generally an area of
light winds, minimum cloud cover, and minimum sea-level pressure; it
provides a convenient frame of reference that can be tracked with the aid
of aircraft, satellites or radar. In the cover photograph, for example, the
eye is clearly identifiable in the center of the rotating cloud mass south-
east of Brownsville, Tex.

The tropical cyclone tracks presented here are technically referred to
as “best-tracks.” They represent the best estimate of the smoothed path
of the eye as it moves across the earth’s surface. Smoothing is necessary
to remove small-scale oscillatory motions of the storm center, about
five to 20 nautical miles about a mean path. These smaller scale motions
are transitory and are not representative of the more conservative motion
of the entire storm envelope. Radar verification of eye oscillations was
obtained as Hurricane Carla (1961) traversed the Gulf of Mexico (114).
Recent satellite evidence of similar motions of the eye of Hurricane Belle
(1976) is given by Lawrence and Mayfield (56). The storm tracks in
Chart Series A and B should be considered as the average path of the
larger scale storm circulation system and not necessarily the precise loca-
tion of the eye at any given time,

4. CLASSIFICATION OF ATLANTIC TROPICAL CYCLONES

In the course of their life cycle, tropical cyclones, like other atmospheric
circulation systems, pass through stages of development, intensification,
maturity, and decay or modification. Satellite imagery has confirmed
that some North Atlantic tropical cyclones classically develop from tropi-
cal waves which regularly move off the coast of Africa near 15° N lati-
tude. The relationship between these waves and Atlantic tropical cy-
clones has been studied by a number of authors. Carlson (13), for ex-
ample, presents case histories, while Shapiro (82) discusses theoretical
aspects of the transformation of certain waves into tropical cyclones. Be-
ginning with the 1967 Atlantic hurricane season, Simpson, et al. (84)
initiated a formal annual “census” of African disturbances, intertropical
convergence zone disturbances (2), and other features upon which Atlan-
tic tropical cyclones are known to develop. In 1977, Frank and Clark
(32) summarized this annual tabulation over a 10-year period.

Weather satellites also have confirmed that some tropical cyclones may
develop in connection with old polar troughs or upper-level cold lows
and have initial cold-core circulations. In recent years, these latter sys-

tems have been designated as subtropical cyclones during the period they
exhibit cold-core characteristics. The subject is discussed by Hebert
(41). Finally, many tropical cyclones, after moving out of the tropical
environment, may lose their tropical characteristics and become extra-
tropical. While the primary purpose of this paper is to discuss tropical
cyclones, it is necessary, for continuity, to discuss subtropical and ex-
tratropical cyclones as well.

4.1 Tropical Cyciones

Tropical cyclones are technically defined (100) as nonfrontal low pres-
sure synoptic-scale * systems that develop over tropical or subtropical
waters and have definite organized circulation. Further classification de-
pends upon the wind speed near the center of the system. The terms
tropical depression, tropical storm, or hurricane are assigned depending
upon whether the sustained surface winds near the center of the system

2 Synoptic-scale refers to large-scale weather systems as distinguished from local systems,
such as thunderstorms.



are, respectively, < 33 knots, 34 to 63 knots inclusive, or > 64 knots.
More complete definitions are given in table 1. Tropical cyclones are not
archived (or named) unless they reach at least tropical storm strength.
The material presented herein concerns only the storms that met this re-
quirement.

The term sustained wind refers to the wind averaged over one minute.
Shorter period gusts (or Iulls) in the wind may be considerably higher
(or lower) than the sustained wind. Dunn and Miller (26), page 65,
illustrate gustiness. The wind criteria defining the various stages of tropi-
cal cyclones are rather rigidly defined, but the opportunity to measure
the wind with a precision implied by the definitions seldom exists. The
maximum wind speed often must be inferred from indirect evidence, and
a figure is subjectively assigned by the responsible analyst after consider-
ing all available information. These operational constraints should be
considered before making decisions based on intensity criteria given in
Chart Series A and elsewhere.

4.2 Extratropical Cyclones

During the latter stages of their life cycle, tropical cyclones are often
classified as extratropical. The extratropical stages of the cyclone tracks
shown in this study indicate that modification of the tropical circulation
was started by movement of the cyclone into a nontropical environment.
In this situation, the size of the circulation usually expands, the speed
of the maximum wind decreases, and the distribution of winds, rainfall,
and temperatures around the center of the cyclone become increasingly
asymmetric. While these characteristic features develop, some tropical
features, such as a small area of strong, often hurricane-force, winds
near the center, the remnants of an eye, and extremely heavy rainfall, may
be retained for a considerable time. The 1938 New England storm (storm
number 4), described physically by Pierce (75) and in narrative form by
Allen (5), is a good example of a storm which was technically classified
as extratropical, but which still maintained hurricane-like characteristics.

There are no wind speed criteria associated with the term exfratropical.
Usually, wind speeds near the center of a storm gradually subside. In
some cases, however, reintensification of the system may occur when
mechanisms conducive to extratropical development offset the loss of
the tropical energy source. If over land, these mechanisms may offset the
dissipative effects of the increase in surface friction (62).
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4.3 Subtropical Cyclones

Until the late 1960’s, the terms tropical and extratropical, as described
in sections 4.1 and 4.2, were used to categorize the life cycle of hurri-
canes. Although it was often suspected that a given storm was “hybrid”
in that it exhibited both tropical and extratropical characteristics, the
lack of sufficient observational evidence or official sanction precluded the
use of other terminology. The problem occasionally led to some storms
being unnamed. Spiegler (88) and Ferguson (30) give further back-
ground information.

Table 1.—Classification Criteria for Trovical, Subtropical, and Extratropical
Cyclones, 1899-1980.

Stage of Years Criteria
development used

Tropical depression 1951-1980 The formative stages of a tropical cyclone in

(development) which the maximum sustained (1-min mean)
surface wind is < 33 kt.

Tropical storm 1899-1980 A warm-core tropical cyclone in which the
maximum sustained surface wind (1-min
mean) ranges from 34 to 63 kt.

Hurricane 1899-1980 A warm-core tropical cyclone in which the

maximum sustained surface wind (I-min
mean) is > 64 kt.

Tropical depression  1899-1980 The decaying stages of a tropical cyclone in
(dissipation) which the maximum sustained surface wind
(1-min mean) has dropped to < 33 kt.

Extratropical 1899-1980 Tropical cyclones modified by interaction with
cyclone nontropical environment. No wind speed cri-
teria. May exceed hurricane force.
Subtropical 1968-1980 A subtropical cyclone in which the maximum
depression sustained surface wind (1-min mean) is <
33 kt.
Subtropical storm 1968-1980 A subtropical cyclone in which the maximum
sustained surface wind (1-min mean) is >
34 kt.




By 1968, the availability of continuous daylight satellite imagery
and other observational evidence confirmed the existence of an inter-
mediate class of storms with both tropical (warm-core) and extratropical
(cold-core) characteristics. The Monthly Weather Review’s annual
summary articles (107), which describe the 1970 and 1971 hurricane
seasons, call attention to this type of storm and the lack of suitable
descriptive terminology. Additional studies by Simpson (86) and Spiegler
(89) focus attention on the nomenclature problem.

Beginning in 1972, the term subtropical was adopted as official ter-
minology, and the annual summary article appearing in the Monthly
Weather Review for that year includes the tracks of the subtropical
stages, if any, of tropical systems. Satellite imagery and other observa-
tional evidence enabled Hebert and Poteat (43) to reexamine the official
Atlantic tracks for the 1968, 1969, 1970, and 1971 seasons and to iden-
tify subtropical portions of the cyclones for those years. The reevalua-
tion included the addition of the storms suggested by Spiegler (88).

Subtropical cyclones are defined (100) as nonfrontal low pressure sys-
tems comprising initially baroclinic (cold-core) circulations developing
over subtropical waters. Many of these eventually develop into purely
tropical (warm-core) systems, but others remain as subtropical. On rare
occasions, such as storm number 8, 1973, subtropical systems have
evolved from tropical systems.

Depending upon wind speed, two classes of subtropical cyclones are
recognized—subiropical depressions and subtropical storms. The former
have maximum sustained winds of < 33 knots and the latter, > 34
knots. More complete definitions are given in table 1. There is no upper
wind speed limit associated with subtropical storms as there is with
tropical storms. However, experience has shown that when and if surface
winds in subtropical storms do reach or exceed 64 knots, the system
typically takes on sufficient tropical characteristics to be formally desig-
nated as a hurricane (see, for example, storm 3, 1972). In rare cases,

5. DATA

For 1871 through 1963, the primary reference for the storm tracks and
associated intensity criteria was U.S. Weather Bureau Technical Paper
Number 55 (23). Although the main purpose of the present revision was

such systems do associate themselves with hurricane force winds with-
out attaining sufficient tropical characteristics. In this case, the term
subtropical storm is retained. An example of such an occurrence is storm
6, 1968, which contained hurricane force winds on September 20 and
21. Since this storm would probably, in earlier years, have been desig-
nated as a hurricane, it is tabulated as such in summary tables and
figures.

4.4 Summary of Classification Criteria

A summary of the various storm classification criteria and the years
over which each is applicable are given in table 1. The criteria are valid
only for the years beginning with 1899. For 1886 through 1898, avail-
able data are too fragmented, and the tracks are presented as being en-
tirely tropical storms or hurricanes, depending upon the maximum inten-
sity apparently attained by the storm at some point along its track. Storm
number 7, 1898, for example, was known to be a hurricane (15) when
it moved into Georgia on October 2. However, the hurricane designa-
tion does not necessarily apply elsewhere along the track. For still earlier
years, 1871 through 1885, the data are even more uncertain, and it was
impossible to indicate other than a tropical cyclone of unknown intensity.

The lack of specific intensity documentation before 1899 should not
be interpreted as a complete lack of information on these early storms.
Indeed, portions of many of these tracks were well documented if they
were associated with disasters to populated areas or shipping. For ex-
ample, the hurricane of August, 1873, which destroyed 1,223 vessels,
and the hurricane of August, 1893 (storm number 6), which inundated
the islands off the coasts of Georgia and South Carolina with large losses
of life and property, are described by Garriott (33) and others. Persons
seeking specific information on these, and on storms occurring in later
years, should consult the references given in section 10.

SOURCES

to extend the track charts through the 1980 season, a few of the original
tracks were modified, based on additional information available to the
National Hurricane Center. Specific details on these modifications are
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given later in this section. Considering the widespread use of the above
cited paper over the many years since its publication, the requirement for
only a few changes attests to the care that went into its preparation.
Beginning with the following paragraph, the original discussion on
sources of data from Technical Paper Number 55 is quoted.

5.1 Data Sources, 1871-1963

“The history of hurricanes extends back to the early voyages of dis-
covery in the late fifteenth century. These early records are fragmentary
and incomplete. One of the earliest compilations of hurricane tracks
(1804-1853) was prepared by Redfield (77). Millas (61) has recently
attempted to document many of the early storms. Ludlum (59) has also
recently prepared a hurricane chronology extending through 1870.

“Information from many sources has been used to define the tracks
of the tropical cyclones presented in this paper. U.S. Weather Bureau
Technical Paper No. 36 (22) provided the nucleus. The primary con-
tinuing reference, the Monthly Weather Review (105), first appeared in
June 1872 and has been published without interruption to the present,
although changes in format, emphasis, and content have been numerous.
Monthly reports on North Atlantic tropical cyclone activity and tracks
have been included in most volumes and, since 1922, annual summary
articles have also appeared in most years. Numerous papers discussing
various aspects of tropical cyclones or complete details of specific storms,
have been published in the Review throughout the years. Summaries of
each tropical cyclone season since 1950 have also been included in
Climatological Data National Summary (103); details of hurricanes af-
fecting the United States are given there and in appropriate monthly
issues of Climatological Data for individual States (104).

“The first comprehensive climatological analyses of the early series
of Signal Service synoptic weather maps were made between 1874 and
1889 by Professor Elias Loomis of Yale, Of his many papers (58), one
was devoted to North Atlantic tropical cyclone activity during the years
1871 through 1880.

“Several summaries containing complete series of tropical cyclone
tracks and information on various storm features have been published
periodically since the turn of the century. In preparing this paper, we
have relied heavily on the works of Garriott (33), which contain tracks
for the years 1878-1900; Fassig (29), 1876-1911; Mitchell (64, 65),
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1887-1932; Cline (16), 1900-1924 and Tannehill (94), 1901-1955.
Additional unpublished chronologies of tropical cyclone tracks have been
available, including the charts and notes of Tingley (96) for 1871-1930;
charts probably prepared by Mitchell (66) 1898—1920; and track charts
centered on the Gulf of Mexico prepared at the U.S. Weather Bureau
Office, New Orleans, Louisiana (110), 1875-1956.

“In addition to these primary sources containing relatively long series
of tracks, the following less extensive sources have also been used: Alex-
ander (4); Bonnelly (7); Bowie (9); Contreras Arias (17); Deutsche
Seewarte (24); Elwar (28); Fischer (31); Gray (34); Hall (40);
Newnham (70); Salivia (80); Sarasola (81); Tannehill (92); and
Vifies (115). The recent comprehensive book by Dunn and Miller (26)
contains complete discussions of various aspects of tropical cyclones,
including a continuation of Tannehill’s chronology.”

5.2 Additional Data Sources 1871-1963

The foregoing summary of data sources, 1871-1963, was quoted
directly from Technical Paper Number 55 (23). No formal attempt was
made to review and revise the original tracks. Indeed, considering the
exhaustive list of references in (23), and the lack of any significant new
material, such a review could have been counter-productive.

In connection with its research and operational commitments, the
National Hurricane Center (NHC) maintains and continuously updates
detailed computer files of Atlantic tropical cyclone tracks back to 1886.
An analog forecast technique, HURRAN (48) (HURRicane ANalogs),
for example, is based on these data. Initially, the computer files were
developed from data presented in Technical Paper Number 36 (22).
However, they have been gradually updated over the years and cur-
rently contain storm positions, sustained wind speeds and measured
surface pressures (when available) at 6-hourly intervals beginning with
1886. Only a few differences exist between the NHC positions and
those given by Cry in (23). These are:

1) The track of storm 2, 1929, was adjusted to pass over Andros
Island in accordance with the findings of Sugg, et al. (91);

2) The 7 p.m. EST, November 4 position of storm number 6, 1935,
was moved southwestward along the original track to agree with




original surface observations on file at the National Weather
Service Forecast Office, Miami;

3) An additional storm was added for the year 1945 (storm number
11) in accordance with a study by Fernandez-Partegas (74);

4) The hurricane stages of storm number 4, 1928, storm number
11, 1944, and storm number 2, 1904, were extended farther
northward to agree with a study by Hebert and Taylor (42);

5) The status of storm number 3, 1903, was downgraded to tropi-
cal storm before the storm entered the Gulf of Mexico, to agree
with studies by the National Weather Service Hydrometeorologi-
cal Branch and as implied in the Monthly Weather Review for
September 1903;

6) The track of storm number 1, 1876, was made to pass through
Washington, D.C., to agree with material appearing in the
Monthly Weather Review for September 1876.

7) To be consistent with current operational practice, the hurricane
stage of storm 4, 1938, was extended northward.

8) In accordance with published and unpublished data on file at
NHC, the tracks and intensities of storms 2 and 19, 1933, and
storm 3, 1951, were modified.

9) Several additional changes were made in the 1981 revision.
These are: (a) the track of storm number 4, 1877, passing
south of Curacao to agree with data on file at the Netherlands
Antilles Meteorological Service; and (b) minor editorial correc-
tions to storm track maps for the years 1933, 1960, 1961,
1966, 1971, and 1975.

Several additional minor differences exist between the NHC master
data tape and Cry’s (23) tracks. For example, detailed records on file
at the NHC indicate that the exact 7 a.m. September 18 position of
storm number 6, 1926, was 25.6°N, 80.3°W, rather than 25.8°N,
80.1°W. However, such a small change is hardly discernible on the
scale of the maps reproduced in Chart Series A. For such minor dis-
crepancies, when the shift in track was less than 25 nautical miles,
the original maps were used as they appeared in (23).

Additional data sources for the period through 1963 include: U.S.
Navy Annual Tropical Cyclone Reports (101, 102); Bowden (8);
Carney and Hardy (14); Carter (15); Cambriaso (12); Purvis (76);
U.S. Army Air Force (97); U.S. Army Corps of Engineers (98, 99);
and various notes on hurricanes in Jamaica, W.I. (60).

5.3 Data Sources 1964-1980

The “first-guess” in the preparation of the charts for the additional
17 years, 1964 through 1980, were the annual summary reports of
Atlantic tropical cyclone activity prepared by staff members of the
NHC. The primary medium for the dissemination of these annual re-
ports is the Monthly Weather Review (105, 106, 107). In addition,
summary articles are tailored to specific user groups and appear an-
nually in the Mariners Weather Log (55) and in the popular weather
magazine, Weatherwise (54). Since 1963, annual summary articles
dealing with the genesis of Atlantic tropical cyclones also have ap-
peared in the Monthly Weather Review (84, 32). Finally, beginning
with the 1974 season, annual articles describing other aspects of each
hurricane season, such as tabulated storm positions (best-track), recon-
naissance and satellite storm positions, and forecast verifications have
been prepared (51, 44, 46) by staff members at the National Hurricane
Center.

Each of the annual tropical cyclone track charts that appear in
individual issues of the Monthly Weather Review for the period 1964
through 1980 was redrafted in the same general format and with the
same Lambert Conformal Projection used in Technical Paper 55 (23).
In most cases, the location of the best-track storm position was ob-
tained from original reference material (67) maintained by the National
Hurricane Center and the Environmental Research Laboratories’ Na-
tional Hurricane Research Laboratory (NHRL), Coral Gables, Fla.
The maps, beginning with the 1968 season, include the subtropical
stages of the storm tracks as determined by Hebert and Poteat (43).
The 1970 map also includes the unnamed storms discussed by Spiegler
(88).

Determination of the storm tracks for the years following 1963 was
obviously less burdensome than for the earlier years; the only compli-
cating factor was the need to deal with the concept of subtropical
cyclones. The decision to include the latter storms was based on cli-
matological considerations. In earlier years, subtropical systems were
not formally recognized and, in most cases, they were designated as
tropical systems. Consequently, failure to include these systems could
alter the tropical cyclone climatology for the years following the
introduction of the subtropical concept.
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6. ACCURACY OF TRACKS AND INTENSITY CLASSIFICATIONS

Although tropical cyclones may traverse thousands of miles, they spend
most of their lives over, and indirectly derive their energy from, oceanic
areas. Before the era of aircraft reconnaissance and weather satellites,
the detection of such storms was dependent upon chance encounters
with shipping or populated areas. Over the Atlantic basin, the inter-
section of mean tropical cyclone tracks with shipping lanes and popu-
lated island areas makes it unlikely that major storms would have gone
completely undetected, even well back in the 19th century. However,
even with the knowledge of a storm’s presence, it is difficult, without
additional observational tools, to specify the exact location of a storm
center and its intensity. There is a chance, too, that weaker, short
duration storms could have gone completely undetected.

After the introduction of continuous weather satellite surveillance
(see fig. 2), there is little chance that a tropical cyclone would go un-
detected. There also is a high probability that the center (eye) of the
storm could be located within 25 nautical miles of its actual position
and the intensity determined to within 10 knots of its actual intensity
(83). Since all of the storm tracks and intensity classifications for the
1964 through 1980 Atlantic hurricane seasons were prepared with the
benefit of satellite imagery (as well as aircraft reconnaissance and
other data), the track accuracy should be near optimum, considering
the scale of the maps and the scale of motion depicted.

Agencies responsible for determining earlier storm tracks and in-
tensities did not have the benefit of satellite data and, indeed, before
1944, of aircraft reconnaissance. Consequently, the over-water portions
of these earlier tracks are subject to considerable uncertainties. There
were, however, some historical observational milestones in track accu-
racy. The subject is treated in some detail by Cry (23), and much of
the following material is quoted directly or indirectly.

For many years following the establishment of the U.S. Govern-
ment Weather Service in 1870, data for a precise determination of the
location and intensity of tropical cyclones were scarce, widely scattered,

of generally poor quality, and sometimes conflicting. Reports from
United States land stations were relayed to central forecast offices by
telegraph, but observations from ships were not received until the
vessels returned to port, sometimes months later. Although such late
reports were of no immediate value for forecasting purposes, they were
used extensively for the construction of tracks of all major storms
occurring over the oceans. These tracks appeared in the International
Meteorology Section of the Monthly Weather Review for several years.
The files of marine observations also served as a basic source for the
work of Garriott (33), Fassig (29), Mitchell (64, 65, 66) and others.

The first operational radio weather report from a ship underway
was received December 3, 1905; the first message reporting a hurricane
was sent August 26, 1909, by the SS§ Cartago from the southern Gulf
of Mexico near the coast of Yucatan. The amount and quality of
marine weather data have increased gradually during the succeeding
years. During the June-November tropical cyclone season of 1935,
more than 21,000 observations were received from the tropical por-
tions of the Atlantic. By 1959, the number of observations from the
ships during the corresponding period exceeded 64,000. Since the
early 1960’s, the number has increased less rapidly, because of changes
in the characteristics of the shipping industry.

Technological advances since World War II have resulted in more
precise tropical cyclone detection, positioning, and intensity determina-
tion. Many of these advances, together with earlier noteworthy events,
are depicted in figure 2. Improved radiosonde and rawinsonde equip-
ment for measuring weather conditions above the earth’s surface has
provided additional knowledge of factors affecting tropical cyclone
motion and intensity. The use of aircraft to obtain data inside hurri-
canes was found to be feasible in 1943 (93), and U.S. Air Force and
Navy ¢ aircraft have made routine reconnaissance of tropical cyclones

3 Navy hurricane reconnaissance was discontinued after the 1974 season.




since 1944. Before the operational availability of satellite data around
the mid-1960’s, these flights proved especially important in the early
detection of storms.

Currently, tropical cyclones are usually detected by satellite, although
aircraft are required to specify precise environmental data in and
around the storm. The NOAA Research Facilities Center (formerly
Research Flight Facility), Miami, Fla., operates several aircraft with
sophisticated instrumentation for the collection of detailed data, used
primarily for research but also useful for operational tropical cyclone
tracking.

A significant milestone occurred during the 1977 hurricane season
when a complex communications system known as the Aircraft Satellite
Data Link (ASDL) system enabled Research Facilities Center aircraft
measurements taken inside a storm at 60-second intervals to be received
and plotted by a National Hurricane Center computer within a few
seconds. It is significant to contrast this with an earlier statement con-
cerning the receipt of ship observations months late. Thus, the temporal
gap between the taking of a weather observation and receipt of the
message by the ultimate user appears to be closed.

The World War IT development of storm-tracking radar and sub-
sequent improvements in range and accuracy further increased observa-
tional capabilities. An extensive network of powerful coastal radars
is now in operation. Radar is particularly useful in detecting sudden
changes in the direction of tropical cyclone motion when these storms
are within 250 miles of the radar site. This permits “last minute”
adjustments in community preparedness efforts as these storms move
ashore.

An important product of the NASA space program is the develop-
ment of weather satellites, now the standard observational tool for the
detection and monitoring of tropical cyclones on a worldwide scale. A
classic example of a satellite view of a hurricane is given by the cover
illustration. By reviewing thousands of such pictures, Dvorak (27) and
Hebert and Poteat (43) were able to specify systematic procedures to
estimate the location of the center and the intensity of the storm.
Satellites also provide the means of obtaining direct or indirect meas-

urements of other environmental quantities, such as wind, temperature,
moisture, and rainfall around the storm (1, 10, 38, 52). Although the
first pictures of a tropical cyclone were transmitted by the polar orbit-
ing TIROS-I satellite in 1960, it was not until 1966 that the first
completely operational weather satellite, ESSA-I, was placed in orbit.
The ESSA series were also polar orbiting satellites and provided views
of tropical cyclones once per day. By the late 1960°s, geostationary
satellites allowed continuous daytime surveillance and, in 1974, the
nighttime viewing gap was closed with the launch of the first Geosta-
tionary Operational Environmental Satellite (GOES). Further informa-
tion is in figure 2. A history of the development of meteorological satel-
lites is given by Allison, et al. (6).

In recent years, marine meteorological data buoys have been de-
veloped and deployed. These floating data platforms, anchored at
strategic locations, transmit observations of wind, pressure, waves,
ocean and air temperatures in and around tropical cyclones and other
weather systems.

The quality of the charts and figures presented in this report reflects
the variation in amount and quality of observational data. In early
years, the observations simply did not exist, and the tracks were extra-
polated from fragmentary information. Other than a gradual increase
in quality of the observational material over the years, there is no way
to determine the reliability of a particular storm track. However, those
tracks that crossed populated areas can be expected to be reasonably
accurate, even back into the previous century. Thom (95) and Cry (23)
cite statistical evidence that, compared with the storms that remained
at sea, most tropical cyclones that crossed the United States coast-
line were probably detected.

The 110 years from 1871 through 1980 cover the complete period
of the development of meteorology and organized weather services. The
period begins in an era when observations were simple and relatively
rare, before the details of the nature and characteristics of atmospheric
disturbances were understood. Today, a widespread network of land sta-
tions, ships, aircraft, radar, satellites, and data buoys, using complex
and sophisticated instrumentation and communication, is available for
the detection, tracking, and understanding of tropical cyclones.
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7. NORTH ATLANTIC TROPICAL CYCLONE TRACKS

7.1 Chart Series A

The tracks of all recorded Atlantic tropical cyclones for each year from
1871 through 1980 ate presented in Chart Series A (appendix A). For
the period before 1964, several steps were used by Cry (23) to obtain
the final tracks. First, all cyclones considered to be of tropical origin
in any given year were listed together with all relevant intensity data.
Second, all versions of each storm track were plotted on charts. Com-
parisons of these differing interpretations and evaluation of information
from all sources, including daily synoptic charts (97, 109, 111, 112,
113), were made, and the track configuration for each storm most con-
sistent with all the data was selected. These positions and intensities
were plotted on the annual charts of Series A.

The objective was to depict accurately and completely the position
and intensity of each significant tropical cyclone in the North Atlantic
basin throughout its existence. Unfortunately, the quality of the data
prevented full attainment of this goal; many positions and intensities,
particularly for the earlier years, are estimates, representing compromises
to significant differences in the references.

Delineation of intensity stages was found to be unrewarding before
the period when daily synoptic charts for the entire area were available;
consequently, no indications of intensity have been made for 1871
through 1885. A simple classification of “tropical storm” or “hurricane”
was made for the years 1886 through 1898, and tracks showing intensity
were prepared from 1899 onward. The tropical depression (develop-
ment) stage was included starting in 1951. Finally, an additional breed
of storms, subtropical, was added starting in 1968. Intensity and classifi-
cation criteria are given in table 1.

Before 1950, there was no formal nomenclature for the identification
of cyclones. Noteworthy storms were informally designated by such
descriptive terms as “Yankee hurricane,” “New England hurricane,”
“Labor Day storm,” “Galveston storm,” etc. Official naming of Atlantic

tropical cyclones began in 1950. Initially, the 1950 vintage phonetic al-
phabet (ABLE, BAKER, CHARLIE, and so on) was used. However, for
the 1953 season, the practice of using women’s names, first used in the
western Pacific during World War II, was introduced. This convention
continued until 1979 when both men’s and women’s names were used
alternately. In Chart Series A, certain storms lack names, even after
the formal naming of tropical cyclones began. Some of these remained
subtropical. Others, originally thought to be nontropical, were added
after post-analysis indicated that they did have tropical characteristics.

7.2 Chart Series B

Another series of charts (Series B) provides groupings of storms
according to selected intraseasonal periods. A similar series presented
by Cry (23) has always been useful for both operational and research
purposes. The charts of Series A wereé manually prepared. However,
Chart Series B was computer-drawn with NOAA computer-graphics facil-
ities. Computer methods also allow the use of any map projection. For a
number of reasons, most relating to convenience, a Mercator projection,
true at 22.5°N latitude, was used in Chart Series B. In a manner similar
to that employed by Cry, the storm tracks are presented without regard
to identification other than that they began sometime during the specified
time period. Additional labeling would clutter the charts and detract
from their main purpose, which is the identification of spatial and
temporal shifts in tropical cyclone occurrence.

The first chart of Series B was introduced on page iv as figure 1. This
rendition of the entire 793-storm sample has limited utility, but serves
to illustrate the bounds of the North Atlantic tropical cyclone basin. The
relative frequency of storms in any given area also can be roughly
identified by the track density. Other charts in Series B are presented
for May through December and for 10- (or 11-) day periods, June 1
through November 30.

The tracks were drawn by means of a computer interpolation routine

11



suggested by Akima (3). Storm positions are specified on a computer The charts in Series B include storms which began, regardless of
magnetic tape at 6-hourly intervals. With these as anchor I_’Oints’ 2 intensity, classification, or duration, within the designated period. This
reasonably faithful rendition of the hand-drawn tracks depicted on .\ oniion differs slightly from that used in preparation of tables 2 and 3

Chart Series A can be expected. In a few cases, however, the 6-hourly . e .
positions are insufficient to define tight loops and sudden changes in where the depression stage was excluded. Also, specified on each chart is the
total number of storms included in the period.

direction.

Table 2.—Number of recorded Atlantic tropical cyclones (excluding depressions and, after 1967, including subtropical cyclones) which reached at least
tropical storm intensity in specified month, 1871—1980. (Refer to Table 4 for. summaries of these data.)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL YEAR JAN FEB MAR APRF MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

1871 2 2 2 6 1500 1 3 3 7
1872 1 1 2 1 5 1901 1 2 2 3 2 10
1873 1 1 3 5 1902 2 1 1 1 5
1874 1 1 4 1 7 1903 1 1 4 2 1 9
1875 3 1 4 1904 1 1 3 5
1876 2 1 3 1905 3 2 5
1877 1 4 2 1 8 1906 2 1 3 4 1 11
1878 1 1 3 4 1 10 1907 1 2 1 4
1879 3 1 3 1 8 1908 1 1 1 3 2 8
1880 - 1 4 2 2 9 1909 2 2 2 2 1 1 10
1881 4 1 1 6 1910 1 2 1 4
1882 2 1 3 1911 2 1 1 4
1883 2 1 1 4 1912 1 1 1 2 1 6
1884 2 1 3 1913 1 1 1 1 4
1885 3 4 1 8 1914 1 1
1886 3 1 2 2 2 10 1915 1 3 1 5
1887 1 2 2 3 6 1 2 17 1916 1.2 3 4 3 1 14
1888 1 1 2 2 1 2 9 1917 2 1 3
1889 1 1 1 5 1 9 1918 3 2 5
1890 1 1 1919 1 1 1 3
1891 1 2 3 4 1 11 1920 4 4
1892 1 1 4 3 9 1921 1 3 2 6
1893 1 1 5 3 1 1 12 1922 1 1 2 4
1894 2 1 3 6 1923 1 1 5 7
1895 2 1 3 6 1924 1 2 2 2 1 8
1896 1 1 2 2 6 1925 1 1 2
1897 r 2 2 5 1926 2 1 5 2 1 11
1898 2 5 2 9 1927 1 3 3 7
1899 1 2 1 2 6 1928 . 2 3 1 6
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Table 2.—Number of recorded Atlantic tropical cyclones (excluding depressions and, after 1967, including subtropical cyclones) which reached at least
tropical storm intensily in specified month, 1871-1980. (Refer to Table 4 for summaries of these data.)—Continued

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL
1929 1 1 1 3 1958 1 4 4 1 10
1930 2 2 1959 1 2 1 3 2 11
1931 1 1 2 3 1 1 9 1960 1 2 2 2 7
1932 1 3 3 3 1 11 1961 1 6 2 2 11
1933 1 1 3 7 5 3 1 21 1962 2 1 2 5
1934 1 1 1 2 2 3 1 11 1963 2 5 2 9
1935 3 1 2 6 1964 1 1 3 5 1 1 12
1936 3 2 6 4 1 16 1965 1 2 2 1 6
1937 1 2 6 9 1966 1 4 1 4 1 11
1938 3 1 3 1 8 1967 1 4 3 8
1939 1 1 1 2 5 1968 3 1 3 1 8
1940 1 3 2 2 8 1969 : 1 5 6 5 1 18
1941 4 2 6 1970 1 1 3 3 2 10
1942 3 3 3 1 10 1971 1 4 6 1 1 13
1943 1 2 4 3 10

1944 3 2 4 2 11 1972 11 2 2 t 7
1945 1 1 4 3 2 11 1973 2 2 2 2 8
1946 1 1 1 1 2 6 1974 1 1 4 4 1 11
1947 1 2 3 3 9 1975 1 1 2 3 1 1 9
1948 1 1 2 3 1 1 9 1976 1 1 5 2 1 10
1949 3 7 2 1 13 1977 1 3 2 6
1950 4 3 6 13 1978 1 1 4 3 3 12
1951 1 3 3 3 10 1979 1 2 3 2 1 9
1952 1 2 2 2 7 1980 305 1 2 11
1953 1 3 4 4 1 1 14 1981

1954 1 1 2 4 1 1 1 11 }ggg

1955 1 4 5 2 12 1984

1956 1 1 1 4 1 8 1985

1957 1 4 1 8 1986
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Table 3.—Number of storms listed in Table 2 which eventually became hurricanes. (Refer to Table 4 for summaries of these data.)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909

2 1 2
1 2
1 2
1 1
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1 2
1
1 1 5
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Table 3.—Number of storms listed in Table 2 which eventually became hurri-
canes. (Refer to Table 4 for summaries of these data.)—Continued

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

1949 2
1950

1951 1

1552

1953

1954 1
1955

1956 1
1957 1
1958

1959 1
1960

1961 1
1962

1963

1964

1965

1966 1 3
1967

1968 2
1969

1970 1

1971

1972 1

1973 1
1974

1975 1
1976

1977
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1979 - 1
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Figure 3.—Distribution of observed duration (number of days, including de-
pression stage) of Atlantic tropical cyclones, 1886 through 1980.
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8. FREQUENCY OF NORTH ATLANTIC TROPICAL CYCLONES

8.1 Monthly and Annual Frequencies

Tables 2 and 3 present monthly and annual frequencies of recorded
Atlantic basin tropical cyclones and hurricanes for each year 1871
through 1980. The hurricane stage was not identified before 1886, so
no hurricane entries appear in table 3 for 1871-1885. The frequencies
for some months and years differ slightly from those given in a similar
table by Cry (23). The differences result from minor revisions to some
of the tracks (section 6). Computer specification of storm positions at
6-hourly intervals, rather than at 12-hourly intervals, as used by Cry,
also may have shifted one or two storms to earlier or later months.
Grouping in this table is based on the initial date of tropical storm
intensity or the detection of the storm; the tropical depression stage
was not included. For example, a storm reaching tropical storm strength
on August 31, reaching hurricane strength on September 5, and finally
dissipating on September 20, would be assigned as a hurricane begin-
ning in August. No entries would be made for September. This conven-
tion differs from that used in some other tabulations and Chart Series B.

Based on all Atlantic tropical cyclone tracks from 1886 through
1980, the duration of a tropical cyclone, including the depression stage
(if recorded), averages about eight days but, as shown in figure 3, may
vary from less than two to as many as 30 days. The modal (most fre-
quently occurring) duration is six days. The ability to detect tropical
cyclones earlier has improved in recent years such that the distribution
shown in figure 3 is somewhat biased towards lower values. Very brief
storms typically form in the Gulf of Mexico and dissipate over ad-
jacent land areas before reaching maturity. Storm number 3, 1946, is
a good example. Hurricanes of extreme duration include Ginger,
September 5 to October 5, 1971 and Inga, September 20 to October
14, 1969. Both storms meandered slowly around the western and central
Atlantic for much of their existence. Other long-duration storms include
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those which form in the eastern Atlantic, travel westward, recurve just
before reaching the United States and then move northeastward across
the open Atlantic.

The number of storms occurring in any given year varies widely.
Insofar as storms reaching at least tropical storm strength are con-
cerned, there were two years, 1890 and 1914, that observed but one
storm while 21 tropical storms or hurricanes occurred in 1933. There
were no storms that reached hurricane strength in both 1907 and
1914 while 12 hurricanes occurred in 1969. Frequency distributions
of these are given in figures 4 and 5.

One may question the adequacy of these data. After the middle
1940’s, when aircraft reconnaissance began, it is unlikely that even
weak, short-duration storms have been undetected. This was not always
the case: some small, weak tropical storms may have gone undocu-
mented in the earlier years, and storms that were detected could have
been misclassified as to intensity.

In addition to observational problems, there is a strong possibility
that other natural trends exist in the frequency of tropical cyclones.
The possible effect of large-scale anomalies in sea-surface temperature,
for example, is discussed later in this section.

Upward or downward trends in the frequency of tropical cyclones,
if not accounted for, make the average frequency a function of the
period of record included in the summary. To illustrate, data from
tables 2 and 3 have been averaged over three periods: 1886 through
1980; 1910 through 1930; and 1944 through 1980. The first period
begins with the year when it was possible to distinguish between tropi-
cal storms and hurricanes; the period 1910 through 1930 was a mini-
mum in frequency with an average of only about five storms per year;
and the last period begins with the introduction of organized aircraft
weather reconnaissance. The averages for the three periods appear in

N
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Figure 4.—Distribution of annual number of tropical cyclones reaching at least tropical storm strength (left) and hurricane strength (right), 1886
through 1980. The average number of such storms is 8.4 and 4.9, respectively (see Table 4).
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table 4 and substantial difference in the monthly and annual frequencies
can be noted. The period 1944 through 1980 probably best represents
Atlantic tropical cyclone frequencies as they currently exist, although
some decline in frequency, particularly in the number of storms affect-
ing the United States (fig. 9), has been noted in recent years.

The term “average number of” as used in table 4 is somewhat mis-

leading as it implies other than the discrete occurrence or nonoccur-
rence of a tropical cyclone. For this reason, it is desirable to fit the
data to a discrete probability distribution. Such a distribution, properly
identified and corrected for trends in the data, will give a better esti-
mate of expected occurrence rates than the relative frequencies already
observed. The Poisson distribution, described by Burington and May

(11), is often used for these better estimates.

To fit the Poisson distribution, it is necessary to estimate the true
mean of the event. However, because of the trends in the data, it is
difficult to specify the true mean. It is likely that some of the irregular
upward trend in tropical cyclone occurrence over the years can be
explained as observational deficiencies in the earlier years. This is
an artificial trend. However, there may be other real superimposed
trends in the storm frequencies over the years. Wendland (116), for
example, points out the effect of varying sea surface temperatures on
the long-term frequencies of Atlantic tropical cyclones. In addition,
there may be other subtle trends that are difficult to isolate because
of the relatively short period of record.

Table 4—Total and average number of tropical cyclones (excluding depressions and including subtropical systems) beginning in each month.

JAN FEB MAR APR

MAY JUN JUL AUG SEP ocT NOV DEC TOTAL
Tropical storms and hurricanes 1 1 1 0 13 50 61 186 267 173 35 5 793
Average * * * 0.0 0.1 0.5 0.6 2.0 2.8 1.8 0.4 0.1 8.3
1886-1980
Hurricanes only 0 0 1 0 3 21 32 135 171 86 17 2 468
Average 0.0 0.0 ® 0.0 * 0.2 0.3 14 1.8~ 0.9 0.2 * 4.9
Tropical storms and hurricanes 0 0 0 0 0 7 7 24 39 26 6 0 109
Average 0.0 0.0 0.0 0.0 0.0 0.3 0.3 1.1 1.9 1.2 0.3 0.0 52
1910-1930
Hurricanes only 0 0 0 0 0 4 4 21 29 12 4 0 74
Average 0.0 0.0 0.0 0.0 0.0 0.2 0.2 1.0 1.4 0.6 0.2 0.0 3.5
Tropical storms and hurricanes 1 1 0 0 7 20 31 91 130 66 14 3 364
Average * * 0.0 0.0 0.2 0.5 0.8 2.5 3.5 1.8 0.4 0.1 9.9
1944-1980
Hurricanes only 0 0 0 0 8 14 62 87 41 7 1 222
Average 0.0 0.0 0.0 0.0 0.1 0.2 04 1.7 24 1.1 0.2 # 6.0

Note: Data are summarized from Tables 2 and 3. Asterisk (*) indicates less than 0.05 storms.
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Figure 6.—Number of tropical storms and hurricanes (open bar) and hurricanes (solid bar) observed on each day, May 1-December 31, 1886 through 1980.
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Figure 7.—Same as Fig. 6 except data smoothed by va 9-day moving average.

Because of the above cited difficulties and others, the decision was
made not to attempt to fit the data to a probability distribution. That
is not to say that an in-depth study such as that performed by Thom
(95) and applied by Cry (23) to the tropical cyclone and hurricane
frequencies for 1901 through 1963 could not be extended to include
additional years of record. However, such a study must be considered
beyond the scope of the present efforts, which are geared toward
presenting, rather than interpreting, the data.

8.2 Daily Frequencies

Figures 6 and 7 illusirate the incidence of tropical cyclones over
the North Atlantic basin on a daily basis for the 8-month period that
covers the principal season. Except for the longer period of record,
the figure is similar to one presented by Cry (23). In addition, how-
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ever, the frequencies have been smoothed using a 9-day moving aver-
age. These smoothed frequencies eliminate much of the “noise” in-
herent in the raw data, yet preserve the larger scale seasonal cycles.

The seasonal fluctuations in tropical cyclone frequency include, in
chronological order, a slight maximum around mid-June, followed by a
slight decline until mid-July, and a gradual increase in frequency until
just before mid-September. A somewhat irregular decline in frequency
occurs thereafter, interrupted by a slight increase in mid-October. The
October maximum is somewhat less sharp than that given by Cry (23)
because of the inclusion of extra years of data.

The “official” Atlantic hurricane season extends from June 1 through
November 30. However, as seen from figure 8, the season occasionally
begins or ends outside of this period. The figure presents a cumulative
percentage frequency distribution of the date of detection of the first and



the date of dissipation of the last tropical cyclone of storm or hurricane
intensity for each season from 1886 through 1980. The median (mid-
point of the distribution) beginning date is June 27, and the median end-
ing date is October 29. There are no well-defined statistical relationships
between the beginning and ending dates of the tropical cyclone season;
that is, seasons which began early did not necessarily end early (or late),
and seasons which began late did not necessarily end late (or early).
However, there is a weak statistical relationship between starting date
and the number of storms such that seasons which start early tend to
have more storms. However, the low correlation coefficient (r = —0.35)
indicates that there are many exceptions to this rule.

8.3 Areas of Formation

Seasonal shifts in the principal areas of tropical cyclone formation
over the Atlantic basin have been recognized for many decades, and the
reader is referred to standard references such as Crutcher and Quayle
(21), Dunn (25), or Dunn and Miller (26) for quantitative and qualita-
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Figure 8.—Cumulative percentage frequency distribution of beginning and

ending dates of Atlantic tropical cyclone season, 1886 through 1980.

(Dates are of first and last recorded position with at least tropical
storm strength.)

tive discussions. Chart Series B presents a convenient means of identify-
ing the temporal and spatial variations of these patterns. Early season
tropical cyclones are almost exclusively confined to the western Carib-
bean and the Gulf of Mexico. However, by the end of June or early
July, the area of formation gradually shifts eastward, with a slight de-
cline in overall frequency of storms. By late July, the frequency grad-
ually increases, and the area of formation shifts still farther eastward. By
late August, tropical cyclones form over a broad area which extends
eastward to near the Cape Verde Islands. The period from about August
20 through about September 15 encompasses the maximum of these
“Cape Verde” type storms, many of which traverse the entire Atlantic
Ocean. After mid-September, the frequency begins to decline and the
formative area retreats westward. By early October, the area is generally
confined to longitudes west of 60°W, and the area of maximum occur-
rence returns to the western Caribbean. In November, the frequency of
tropical cyclone occurrence further declines.

Many additional features pertaining to temporal and spatial variations
in storm frequency can be identified by careful analysis of Chart Series
B. It often is helpful to consider these charts in conjunction with figures
6 and 7, which depict the daily frequencies.

8.4 Tropical Cyclones Affecting the United States

Of the 683 tropical cyclones that have been recorded over the Atlantic
tropical cyclone basin 1899-1980 (Ref. table 2), a total of 271 or about
40 percent have crossed or passed immediately adjacent to the United
States mainland. Fig. 9 shows the year-to-year distribution of these 271
storms. In a NOAA study for the Federal Insurance Administration, Ho,
et al. (47) analyzed these and earlier tropical cyclones that affected the
United States. Fig. 10, from their study, shows the spatial variability of
tropical storm and hurricane incidence along a smoothed and “stretched-
out” United States coastline that extends from Texas to Maine (fig. 11)
over the period of record, 1871 through 1973. The additional years
1974 through 1980 do not significantly alter the average frequency along
the United States coastline, and since Ho, et al. used essentially the same
tropical cyclone tracks as given in Chart Series A, figure 10 may be
considered compatible with these tracks.

Certain factors should be considered before making inferences from
figure 10. First, the chart includes storms ranging in intensity from weak
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storms is 3.3 and 1.8 respectively. Graph displays one crossing per storm even though multiple crossings may have occurred.

tropical storms to the most intense hurricanes. Second, the frequencies
represent long-term averages. For shorter (10 or 20-year) periods, con-
siderable deviation has occurred and will continue to occur in the future.
For example, from 1951 through 1960, many more major hurricanes
struck the East Coast of the United States than affected the Gulf of
Mexico Coast. Figure 10 does not address these short-period variations.

Another factor to be considered pertains to proper interpretation of
the term “per 10 nautical miles of coastline.” In the Miami area, two
storms per 100 years per 10 nautical miles of coast are indicated. This
should not be interpreted to mean that the Miami area expects only two
storms per century. Storms that strike along the coast in other 10 nauti-
cal mile segments, both south and north of Miami, would also affect the
area. Indeed, the damage swath from a major hurricane can cover more
than 100 miles of coastline. For further details on proper interpretation
of figure 10, the reader is referred to the original paper which contains
much additional information, including a chart that gives the ratio of
hurricanes to tropical storms along the entire coastline, and a chart that
can be used to estimate the return periods of hurricanes of various inten-
sities (based upon central pressure) for the entire coast.

Another factor to be considered before making deductions on hurri-
cane or storm damage relative to any given storm track is that the pat-
tern of wind, rainfall, storm surge, and associated damage are rarely
symmetrical about the storm track. Wind and storm surge are typically
higher in the right semicircle of a storm (as viewed toward the direction
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of motion) where the storm’s motion and wind are complementary.
Thus, if the hurricane on the cover photograph were to cross the Mexico
coast, the storm could be expected to produce higher winds and a storm
surge northward from the center since the counter-clockwise rotating
winds and the hurricane’s forward speed of motion are both working in
the same direction. On the other hand, a storm moving into the Tampa,
Fla., area from the southwest generally would bring stronger winds and
higher tides southward from the Tampa area.

Other meteorological and geographical factors also contribute to
asymmetries such that it is difficult to speculate on damage patterns
from the information given in this publication. Also, wind gusts, which
may substantially exceed the speed of the sustained wind, must be
considered in assessing damage potential. Accordingly, persons needing
the specific effect of a historical storm on a given site should seek
further meteorological advice. Instrumental documentation of specific
weather elements, however, even when storms cross coastlines, is
meager. Much must be inferred from immediate post-storm surveys
of damage from wind and storm surge,

8.5 Hurricanes Affecting the United States

Figure 10, discussed in section 8.4, gives the combined frequency of
both hurricanes and tropical storms. Depending on the area of landfall,
approximately 40 to 60 percent of these storms were classified as hurri-
canes. The observed (or potential) damage from these hurricanes ranged
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from minimal to catastrophic, depending not only on the intensity of the
storm, but upon such factors as size of the storm, coastal configuration,
astronomical tides, terrain features, urbanization, and industrialization.
To relate hurricane intensity to damage potential, the National Hurri-
cane Center has adopted the Saffir/Simpson (79, 100) Hurricane Scale.
This descriptive scale, over a range of categories 1 through 5, is shown in
table 5.

Figure 9 shows that 144 hurricanes and 127 tropical storms have
crossed or passed immediately offshore to the United States over the 82-

. year period 1899~1980. Hebert and Taylor (42) carefully analyzed all

hurricanes affecting the United States between 1900 and 1974 and clas-
sified them according to the Saffir/Simpson damage potential scale. Their
listing, with some minor modifications and additions, has been extended
backward through 1899 and forward through 1980 and appears in table
6.

The scale numbers assigned by Hebert and Taylor were based primar-
ily upon the central pressure at the time of storm landfall. Certain hur-
ricanes (indicated by an asterisk in Table 6), because of their rapid for-
ward speed, could have produced greater or lesser damage than implied
by the scale number depending upon whether the area was located to the
right (stronger) or left (weaker) portion of the storm, as viewed toward
the direction of motion. The authors (Hebert and Taylor) point out a
certain amount of subjectivity inherent in this type of classification, par-
ticularly with hurricanes during earlier years and with those moving in-
land in sparsely settled areas. Consequently, some hurricanes near the
borderline between two scale numbers might be classified one way or the
other, depending on various considerations such as coastal inundation.

The data presented in table 6 are summarized by State in table 7. Be-
cause of their long coastlines, Florida and Texas are further subdivided.
In Florida, the north-south dividing line is roughly from Cape Canaveral
to Tarpon Springs. In Texas, south is roughly Brownsville to Corpus
Christi, central is from north of Corpus Christi to Matagorda Bay, and
north is from Matagorda Bay to the Louisiana border. Entries in table
7 may be made for the same hurricane more than once, and sectional
totals cannot be summed to get national totals. The initial line of table
7 is an actual count of the number of hurricanes that have affected the
United States, where only the highest Saffir/Simpson category in any
state has been used. The total (138) is somewhat less than that given

Table 5.—The Saffir/Simpson (79, 100) Hurricane Scale

Scale No. 1—Winds of 74 to 95 miles per hour. Damage primarily to shrubbery,
trees, foilage, and unanchored mobile homes. No real damage to other structures.
Some damage to poorly constructed signs. And/or: storm surge 4 to 5 feet above
normal. Low-lying coastal roads inundated, minor pier damage, some small craft
in exposed anchorage torn from moorings.

Scale No. 2—Winds of 96 to 110 miles per hour. Considerable damage to shrub-
bery and tree foliage; some trees blown down. Major damage to exposed mobile
homes. Extensive damage to poorly constructed signs. Some damage to roofing
materials of buildings; some window and door damage. No major damage to
buildings. And/or: storm surge 6 to 8 feet above normal. Coastal roads and low-
lying escape routes inland cut by rising water 2 to 4 hours before arrival of
hurricane center. Considerable damage to piers. Marinas flooded. Small craft in
unprotected anchorages torn from moorings. Evacuation of some shoreline resi-
dences and low-lying island areas required.

Scale No. 3—Winds of 111 to 130 miles per hour. Foliage torn from trees; large
trees blown down. Practically all poorly constructed signs blown down. Some
damage to roofing materials of buildings; some window and door damage. Some
structural damage to small buildings. Mobile homes destroyed. And/or: storm
surge 9 to 12 feet above normal. Serious flooding at coast and many smaller
structures near coast destroyed; larger structures near coast damaged by battering
waves and floating debris. Low-lying escape routes inland cut by rising water 3
to 5 hours before hurricane center arrives. Flat terrain 5 feet or less above sea
level flooded inland 8 miles or more. Evacuation of low-lying residences within
several blocks of shoreline possibly required.

Scale No. 4—Winds of 131 to 155 miles per hour. Shrubs and trees blown down;
all signs down. Extensive damage to roofing materials, windows and doors. Com-
plete failure of roofs on many small residences. Complete destruction ~f mobile
homes. And/or: storm surge 13 to 18 feet above normal. Flat terrain 10 feet or
less above sea level flooded inland as far as 6 miles. Major damage to lower
floors of structures near shore due to flooding and battering by waves and floating
debris. Low-lying escape routes inland cut by rising water 3 to 5 hours before
hurricane center arrives. Major erosion of beaches. Massive evacuation of all
residences within 500 yards of shore possibly required, and of single-story resi-
dences on low ground within 2 miles of shore.

Scale No. 5—Winds greater than 155 miles per hour. Shrubs and trees blown
down; considerable damage to roofs of buildings; all signs down. Very severe
and extensive damage to windows and doors. Complete failure of roofs on many
residences and industrial buildings. Extensive shattering of glass in windows and
doors. Some complete building failures. Small buildings overturned or blown
away. Complete destruction of mobile homes. And/or: storm surge greater than
18 feet above normal. Major damage to lower floors of all structures less than
15 feet above sea level within 500 yards of shore. Low-lying escape routes inland
cut by rising water 3 to 5 hours before hurricane center arrives. Massive evacua-
tion of residential areas on low ground within 5 to 10 miles of shore possibly
required.
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Table 6.—Chronological listing of and States aftected by all*category 1 through 5 hurricanes which have hit the United States, 1899-1980.

Highest Highest
Storm States affected and category Storm Storm States affected and category Storm
number Year Month category by States U.Ss. name number Year Month category by States U.s. name
2 1899 Aug NC3 3 1 1921 Jun X 2C 2
6 1899 Oct SC,NC1 1 6 1921 Oct FL 3SW, 2NE 3
1 1900 Sep TX 4N 4 3 1923 Oct LA1 1
3 1901 Jul NC1 1 4 1924 Sep FL INW 1
4 1901 Aug LA, MS2 2 7 1924 Oct FL 1SW 1
3 1903 Sep FL 2SE, INW 2 2 1925 Nov FL 1SW 1
4 1903 Sep NJ, NY,CT 1 2 1 1926 Jul FL 2NE 2
2 1904 Sep sC1 1 3 1926 Aug LA3 3
2 1906 Jun FL 1SE 1 6 1926 Sep FL 4SE, 3SW, 3NW; AL 3 4
4 1906 Sep SC,NC3 3 1 1928 Aug FL 2SE 2
5 1906 Sep MS, AL 3 3 4 1928 Sep FLA4SE, 2NE; GA, SC 1 4
8 1906 Oct FL 2SE 2 1 1929 Jun X 1C 1
2 1908 Jul NC1 1 2 1929 Sep FL 3SE, 2NW 3
3 1909 Jul TX 3N 3 2 1932 Aug TX 4N 4
5 1909 Aug X 28 2 3 1932 Sep AL 1 1
7 1909 Sep LA 4 4 . 5 1933 Jul/Aug FL 1SE; TX 28 2
9 1909 Oct FL 3SE (Keys) 3 8 1933 Aug NC, VA2 2
2 1910 Sep TX 28 2 11 1933 Sep TX 38 3
4 1910 Oct FL 38W 3 12 1933 Sep FL 3SE 3
1 1911 Aug FL INW; AL 1 1 13 1933 Sep NC3 3
2 1911 Aug GA,SC2 2 2 1934 Jun LA3 3
3 1912 Sep AL 1 1 3 1934 Jul TX 28 2
5 1912 Oct TX 18 1 2 1935 Sep FL 5SW (Keys), 2NW 5
1 1913 Jun X 18 1 6 1935 Nov FL 2SE 2
2 1913 Sep NC1 1 3 1936 Jun TX 1S 1
2 1915 Aug TX 4N 4 5 1936 Jul FL 3NW 3
4 1915 Sep FL INW 1 13 1936 Sep NC2 2
5 1915 Sep LA 4 4 2 1938 Aug LA1 1
1 1916 Jul MS,AL3 3 4 1938 Sep NY, CT, R], MA 3* 3
2 1916 Jul MA 1 1 2 1939 Aug FL 1SE, INW 1
i igig 5211 5& 135 ; 2 1940  Aug TX 2N; LA 2 2
ug

13 1916  Oct  AL2;FL2NW 2 3 15940 A GA,5CZ 2

14 1916 Nov  FL 1SW (Keys) 1 2 Toar o Sep IX 3N 3
3 1917 Sep FL 3NW 3 5 1941 Oct FL 2SE, 25W, 2NW 2
1 1918 Aug LA3 3 1 1942 Aug TX IN 1
2 1919 Sep FL 4SW (Keys); TX 48 4 2 1942 Aug  TX3C 3
2 1920 Sep LA2 2 1 1943 Jul TX 2N 2
3 1920 Sep NC1 1 3 1944 Aug NC1 1
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Table 6.—Chronological listing of and States affected by all category 1 through 5 hurricanes which have hit the United States, 1899—1980.—Continued

Highest

Highest

Storm States affected and category Storm Storm States affected and category Storm
number Year Month category by States u.s. name number Year Month category by States U.s. name
7 1944 Sep NC, VA, NY, CT, RI 3%; 4 1959 Jul SC1 1 Cindy
MA 2* 3 8 1959 Sep SC3 3 Gracie
11 1944 Oct FL 3SW, 2NE 3 6 1960 Szp MS1 1 Ethel
1 1945 Jun FL INW 1 5 1960 Sep FL 4SW (Keys), 2NE; NC,
5 1945 Aug TX2C 2 NY 3%, CT, RI 2*, MA,
9 1945 Sep FL 3SE 3 NH, ME 1* 4 Donna
5 1946 Oct FL 1SW 1 3 1961 Sep TX 4C 4 Carla
3 1947 Aug TX IN 1 4 1963 Sep TX IN 1 Cindy
"4 1947 Sep FL 4SE, 25W; LA; MS 3 4 5 1954 Aug FL2SE 2 Cleo
8 1947 Oct FL 1SE; GA,SC2 2 6 1964 Sep FL 2NE 2 Dora
5 1948 Sep LAl 1 10 1964 Oct LA3 3 Hilda
7 1948 Sep FL 3SW, 2SE 3 11 1964 Oct FL 2SW, 2SE 2 Isbell
8 1948 Oct FL 2SE 2 3 1965 Sep FL 3SE; LA 3 3 Betsy
1 1949 Aug NC1 1 1 1966 Jun FL 2NW 2 Alma
2 1949 Aug FL 3SE 3 9 1966 Oct FL 1SW (Keys) 1 Inez
10 1949 Oct TX 2N 2 . 2 1967 Sep TX 38 3 Beulah
2 1950 Aug AL1 1 Baker 8 1968 Oct FL 2NW, INE 2 Gladys
5 1950 Sep FL 3INW 3 Easy 3 1969 Aug LA, MS 5 5 Camille
11 1950 Oct FL 3SE 3 King 7 1969 Sep ME 1 1 Gerda
2 1952 Aug SC1 1 - Able 3 1970 Aug TX 38 3 Celia
2 1953 Aug NC1 1 Barbara 6 1971 Sep LA2 2 Edith
4 1953 Sep ME 1* 1% Carol 7 1971 Sep X 1C 1 Fern
8 1953 Sep FL INW 1 Florence 8 1971 Sep NC1 1 Ginger
3 1954 Aug NC 2; NY, CT, RI 3* 3% Carol 2 1972 Jun FL INW; NY,CT 1 1 Agnes
5 1954 Sep MA 3*; ME 1%* 3% Edna 6 1974 Sep LA3 3 Carmen
9 1954 Oct SC, NC 4*; MD 2* 4% Hazel 5 1975 Sep FL 3NW 3 Eloise
2 1955 Aug NC3; VA1 3 Connie 3 1976 Aug NY 1 1 Belle
3 1955 Aug NC1 1 Diane 2 1977 Sep LA 1 1 Babe
9 1955 Sep NC3 3 Tone 2 1979 Jul LA 1 Bob
7 1956 Sep LA 2; FL INW 2 Flossy 4 1979 Sep FL 2SE, 2NE; GA 2;SC2 2 David
2 1957 Tun TX 4N; LA 4 4 Audrey 6 1979 Sep AL, MS 3 3 Frederic
5 1959 Jul TX IN 1 Debra 1 1980 Aug TX 38 3 Allen

Notes:—Storm numbers in column 1 correspond to storms identified by number in Chart Series A. Legend for State abbreviations is given in table 7. Formal storm names as specified in column
6 were not assigned before 1950. Data for years 1900 through 1974 derived from Hebert and Taylor (42). Asterick (*) indicates that the hurricane was moving in excess of 30 miles

per hour.
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Table 7.—Number of hurricanes (direct hits) affecting U.S. and individual
States 1899-1980 according to Saffir/Simpson Hurricane Scale.

Category Number Major
Area 1 2 3 4 5 All Hurricanes
(= 3)

U.S. (Texas to Maine) 49 33 41 13 2 138 56
Texas (TX) 9 9 8 6 0 32 14
(North) 4 3 2 4 0 13 6
{Central) 2 2 1 1 0 6 2
(South) 3 4 5 1 0 13 6
Louisiana (LA) 5 5 7 3 1 21 11
Mississippi (MS) 1 1 4 0 1 7 5
Alabama (AL) 4 1 4 0 0 9 4
Florida (FL) 16 14 15 5 1 51 21
(Northwest) 9 6 5 0 0 20 5
(Northeast) 1 7 0 0 0 8 0
(Southwest) 5 3 5 2 1 16 g
(Southeast) 4 10 7 3 0 24 10
Georgia (GA) 1 4 0 0 0 "5 0
South Carolina (SC) 6 4 2 1* 0 13 3
North Carolina (NC) 10 3 7 1* 0 21 8
Virginia (VA) 1 1 1* 0 0 3 1
Maryland (MD) 0 1* 0 0 0 1 0
New Jersey (NT) 1* 0 0 0 0 1 0
New York (NY) 3 0 4* 0 0 7 4
Connecticut (CT) 2 1% 3% 0 0 6 3
Rhode Island (RI) 0 1* 3% 0 0 4 3
Massachusetts (MA) 2 1* 2% 0 0 5 2
New Hampshire (NH) 1* 0 0 0 0 1 0
Maine (ME) 4 0 0 0 0 4 0

Notes: Asterisk (*) indicates that all hurricanes in this category were moving in excess of

30 miles per hour. (Data derived from Hebert and Taylor (42).)

(144) in figure 9. The difference is because Hebert and Taylor deter-
mined that six of the hurricanes included in figure 9 (No. 1, 1899; No.
2, 1902; No. 3, 1904; No. 10, 1926; No. 6, 1934; No. 8, 1958) either
weakened to below hurricane strength immediately upon reaching the

28

coast or skirted the coast without the storm center actually making
landfall.

Thus, over the 82-year period 1899 through 1980, a total of 138
category 1 through 5 hurricanes crossed the United States coastline at
one or more points. This is equivalent to an average of five hurricanes
every three years. Since some hurricanes affect or threaten more than
one coastal segment, Aurricane warnings average closer to two per year
over some coastal segment of the United States. The economic aspects
of these warnings are discussed by Sugg (90) and Neumann (68).

Table 7 further shows that 56 major hurricanes (category 3 or higher)
have affected the United States between 1899 and 1980. Thus, major
hurricanes, capable of causing damage in the billions of dollars and
killing hundreds of people, have crussed the United States coastline
about twice every three years.

9. ACKNOWLEDGMENTS

In any continuing study of this type, it is impossible to acknowledge all
persons and agencies who contributed their time and effort. The project,
including the determination of storm positions, intensities, and central
pressures at 6-hourly intervals, and the transfer of these data to magnetic
tape, has becn underway at the Nationai Hurricane Center (NHC) for
a number of years. Much of the work was accomplished by part-time
students temporarily assigned to NHC under various work-study, co-
operative education, or World Meteorological Organization programs.
Some of the students contributing to this project include: Dale Hill,
Robert Arroyo, Michael Pryslak, Thomas Worsham, Kimberly Paradis,
James Chuey, and Paul Heydemann.

Norman Nixon, while attached to the NWS Spaceflight Meteorology
Group, accomplished much of the tedious search of original records
on file at the National Hurricane Center. The preparation of the storm
track charts, 1964 through 1980, as well as redrafting of several of the
original Chart Series A, was ably accomplished by R. H. Courtney of
Environmental Data and Information Service (EDIS), National Cli-
matic Center. Additional drafting was accomplished by R. L. Carrodus,
Scientific Illustrations Coordinator of the NOAA Atlantic Oceano-
graphic and Meteorological Lahoratory (AOML), and Dale Martin,
Scientific Hlustrator of the AOML National Hurricane Research
Laboratory (NHRL).



The cover satellite photograph was provided by the Miami Field
Office (SFSS) of the National Earth Satellite Service. Reproduc-
tion of the out-of-print base map used to extend Chart Series A
was arranged by John Smiles of the NOAA Visual Arts Branch.
Finally, permission was granted by the NWS Office of Hydrology to
reproduce figures 10 and 11.

Paul Hebert, Hurricane Specialist at the National Hurricane Center,
provided all of the information on subtropical cyclones and acted as
consultant on other technical matters. Other NHC staff members also
were consulted on numerous occasions. Editorial assistance was pro-
vided by Connie Arnhols of the National Hurricane Research Labora-
tory (NHRL), Judy Kraus of the National Hurricane Center (NHC),
and Jack Ellis and Robert Quayle of Environmental Data Information
Service (EDIS).

10. REFERENCES

1. R. F. Adler and E. B. Rodgers, “Satellite-Observed Latent Heat Release in
a Tropical Cyclone”, Monthly Weather Review, Vol. 105, No. 8, August
1977, pp. 956-963.

2. E. M. Agee, “Note on ITCZ Wave Disturbances and Formation of Tropical
Storm Anna,” Monthly Weather Review, Vol. 100, No. 10, October
1972, pp. 733-737.

3. H. Akima, “A New Method of Interpolation and Smooth Curve Fitting Based
on Local Procedures,” Journal of the Association for Computing Ma-
chinery, Vol. 17, No. 4, October 1970, pp. 589-602.

4. W. H. Alexander, “Hurricanes: Especially Those of Puerto Rico and St.
Kitts,” U. S. Weather Bureau, Bulletin No. 32, Washington, D.C., 1902,
79 pp.

5. E. V. Allen, 4 Wind to Shake the World, Little, Brown and Co., Boston,
Mass., 1976, 370 pp.

6. L. J. Allison, R. Wexler, C. R. Laughlin and W. R. Bandeen, “Remote
Sensing of the Atmosphere from Environmental Satellites,” Goddard
Space Flight Center Preprint X-901-77-132, June 1977, 111 pp.

7. 1. U. G. Bonnelly, “Cyclones Which Caused Damage on the Island of His-
paniola,” Final Report of the Caribbean Hurricane Seminar, February
16-25, 1956, Ciudad Trujillo, D.R., 1959, pp. 243-251.

8. M. I. Bowden, “Hurricanes in Paradise: Perception and Reality of the Hur-
ricane Hazard in the Virgin Islands,” Island Resources Foundation, St.
Thomas, V.I., 1974, 45 pp.

9. E. H. Bowie, “Formation and Movement of West Indian Hurricanes,”
Monthly Weather Review, Vol. 50, No. 4, April 1922, pp. 173-179.

10. S. P. Browner, W. L. Woodley, C. G. Griffith, “Diurnal Oscillations of the

Area of Cloudiness Associated with Tropical Storms,” Monthly Weather
Review, Vol. 105, No. 7, July 1977, pp. 856-864.

11. R. S. Burington and D. C. May, Handbook of Probability and Statistics,
Handbook Publishers, Inc., Sandusky, Ohio, 1958, 332 pp.

12. 1. B. Cambriaso, “A Century of Dominican Cyclonology,”Final Report of
the Caribbean Hurricane Seminar, February 16-25, 1956, Ciudad Tru-
jillo, D.R., 1959, pp. 105-108.

13. T. Carlson, “Synoptic Histories of Three African Disturbances That Devel-
oped into Aflantic Hurricanes,” Monthly Weather Review, Vol. 97, No.
3, March 1969, pp. 256-277.

14. C. B. Carney and A. B. Hardy, “North Carolina Hurricanes,” U. S. Depart-
ment of Commerce, Weather Bureau, Raleigh, N.C., August 1967,
40 pp.

15. H. S. Carter, “Georgia Tropical Cyclones and their Effect on the State,”
ESSA Technical Memorandum EDSTM 14, Silver Spring, Md., January
1970, 33 pp.

16. 1. M. Cline, Tropical Cyclones, The MacMillan Co., New York, 1926,
301 pp.

17. A. Contreras Arias, “Los dos Aspectos del Efecto de la Actividad Ciclénia
Tropical Sobre el Territorio Mexicano,” Final Report of the Caribbean
Hurricane Seminar, February 16-25, 1956, Ciudad Trujillo, D.R., 1959,
pp. 332--395.

18. H. L. Crutcher and F. T. Quinlan, “Atlantic Tropical Cyclone Strike Proba-
bilities, Vol. I—24 hours,” Naval Weather Service, National Weather
Records Center, Asheville, N.C., August 1971, 60 pp.

19. H. L. Crutcher and F. T. Quinlan, “Atlantic Tropical Cyclone Strike Proba-
bilities, Vol. 1I—48 hours,” Naval Weather Service, National Weather
Records Center, Asheville, N.C., August 1971, 94 pp. _

20. H. L.Crutcher and F. T. Quinlan, “Atlantic Tropical Cyclone Strike Proba-
bilities, Vol. III—72 hours,” Naval Weather Service, National Weather
Records Center, Asheville, N.C., August 1971, 118 pp.

21. H. L. Crutcher and R. G. Quayle, “Mariners Worldwide Guide to Tropical
Storms at Sea,” Naval Weather Service NAVAIR 50-1C-61, Asheville,
N.C., 1974, 113 pp. and 312 charts.

22. G.W. Cry, W. H. Haggard, and H. S. White, “North Atlantic Tropical Cy-
clones,” Technical Paper No. 36, U. S. Weather Bureau, Washington,
D.C., 1959, 214 pp.

23. G. W. Cry, “Tropical Cyclones of the North Atlantic Ocean,” Technical
Paper No. 55, U. S. Weather Bureau, Washington, D.C., 1965, 148 pp.

24. Deutsche Seewarte, Segelhandbuch fiir dem Atlantischen Ozean, Hamburg,
(1st Ed. 1885, 595 pp., 2d Ed. 1899, 591 pp.).

25. G. E: Dunn, “Tropical Cyclones,” Compendium of Meteorology, American
Meteorological Society, Boston, Mass., 1951, pp. 887-901.

26. G. E. Dunn and B. I. Miller, Atlantic Hurricanes, Louisiana State University
Press, Baton Rouge, La., 1960; rev. 1964, 337 pp.

27. V. F. Dvorak, “A Technique for the Analysis and Forecasting of Tropical

29



28.

29,

30.

31.

32,

33.

34.

3s5.

36.

37.

38.

39.

40.

41.

42.

43,

44.

30

Cyclone Intensities from Satellite Pictures,” NOAA Technical Memoran-
dum NESS 45, U. S. Department of Commerce, NOAA, Washington,
D.C., 19 pp.

E. Elwar, West Indian Hurricanes and Other Storms, London, privately
printed, 1907, 19 pp.

O. L. Fassig, “Hurricanes of the West Indies,” U. S. Weather Bureau, Bul-
letin X, Washington, D.C., 1913, 28 pp.

E. W. Ferguson, “Comments on (The Unnamed Atlantic Tropical Storms of
1967),” Monthly Weather Review, Vol. 101, No. 4, April 1973, pp.
378-379.

A. Fischer, Die Hurricanes oder Drehstiirme Westindiens, Tustus Perthes,
Gotha, 1908, 70 pp.

N. L. Frank and G. B. Clark, “Atlantic Tropical Systems of 1976,” Monthly

© Weather Review, Vol. 105, No. 5, May 1977, pp. 676-683.

E. B. Garriott, “West Indian Hurricanes,” U. S. Weather Bureau, Bulletin H,
Washington, D.C., 1900, 69 pp.

R. W. Gray, “Florida Hurricanes,” Monthly Weather Review, Vol. 61, No.
1, Jan, 1933 (Revised by G. Norton and reprinted as a separate pam-
phlet, 1949, 6 pp.).

W. M. Gray, “Global View of the Origin of Tropical Disturbances and
Storms,” Atmospheric Sciences Paper No. 114, Colorado State Univer-
sity, Fort Collins, Colo., 1967, 105 pp.

W. M. Gray, “Global View of the Origin of Tropical Disturbances and
Storms,” Monthly Weather Review, Vol. 96, No. 10, October 1968, pD-
669-700.

W. M. Gray, “Tropical Cyclone Genesis,” Atmospheric Sciences Paper No.
234, Colorado State University, Fort Collins, Colo., 1975, 121 pp.

C. G. Griffith, W. L. Woodley, S. Browner, J. Teijeiro, M. Maier, D. W.
Martin, J. Stout and D. N. Sikdar, “Rainfall Estimation from Geosyn-
chronous Satellite Imagery During Daylight Hours,” NOAA Techncial
Memorandum ERL 356-WMPO 7, Boulder, Colo., 106 pp.

E. B. Gunther, “Eastern North Pacific Tropical Cyclones of 1976,” Monthly
Weather Review, Vol. 105, No. 4, April 1977, pp. 508-522.

M. Hall, “West Indies Hurricanes as Observed in Jamaica,” Monthly Weather
Review, Vol. 45, No. 12, December 1917, pp. 578-588.

P.J. Hebert, “Subtropical Cyclones,” Mariners Weather Log, Vol. 17, No. 4,
July 1973, pp. 203-207.

P. J. Hebert and G. Taylor, “Hurricane Experience Levels of Coastal County
Populations—Texas to Maine,” Special Report, National Weather Serv-
ice Community Preparedness Staff and Southern Region, July 1975,
153 pp.

P. J. Hebert and K. O. Poteat, “A Satellite Classification Technique for Sub-
tropical Cyclones,” NOAA Technical Memorandum NWS SR-83, Fort
Worth, Tex., 1975, 25 pp.

P. J. Hebert and Staff, NHC, “Annual Data and Verification Tabulation—
Atlantic Tropical Cyclones, 1975, NOAA Tecknical Memorandum

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

NWS NHC 2, Miami, Fla., January 1977, 66 pp.

P. J. Hebert, “Intensification Criteria for Tropical Depressions in' the West-
ern North Atlantic,” NOAA Technical Report NWS NHC 3, April
1977, 22 pp.

P. J. Hebert and Staff, NHC, “Annual Data and Verification Tabulation—
Atlantic Tropical Cyclones 1976, NOAA Technical Memorandum
NWS NHC 4, May 1977, Miami, Fla., 66 pp.

F. P. Ho, R. W. Schwerdt and H. V. Goodyear, “Some Climatological Char-
acteristics of Hurricanes and Tropical Storms, Gulf and East Coasts of

" the United States,” NOAA National Weather Service Technical Report
NWS-15, June 1975, 87 pp.

J. R. Hope and C. J. Neumann, “An Operational Technique for Relating
the Movement of Existing Tropical Cyclones to Past Tracks,” Monthly
Weather Review, Vol. 98, No. 12, December 1970, pp. 925-933.

J.R. Hope and C. J. Neumann, “Digitized Atlantic Tropical Cyclone Tracks,”
NOAA Technical Memorandum NWS SR-55, Fort Worth, Tex., July
1971, 147 pp.

J. R. Hope and C. J. Neumann, “Computer Methods Applied to Atlantic
Area Tropical Storm and Hurricane Climatology,” Mariners Weather
Log, Washington, D.C., Vol. 15, No. 5, September 1971, pp. 272-278.

J. R. Hope and Staff, NHC, “Annual Data and Verification Tabulation of
Atlantic Tropical Cyclones 1974, NOAA Technical Memorandum
NWS NHC 1, Miami, Fla., January 1976, 54 pp.

L. F. Hubert and L. F. Whitney, “Wind Estimation from Geostationary
Satellite Pictures,” Monthly Weather Review, Vol. 99, No. 9, September
1971, pp. 665-672.

H. E. Landsberg, “Do Tropical Storms Play a Role in the Water Balance of
the Northern Hemisphere?”, Journal of Geophysical Research, Vol. 65,
No. 4, April 1960, pp. 1305-1307.

M. B. Lawrence, “Atlantic Hurricane Season of 1976,” Weatherwise, Vol.
30, No. 1, January 1977, pp. 11-17.

M. B. Lawrence, “North Atlantic Tropical Cyclones, 1976,” Mariners
Weather Log, Vol. 21, No. 2, February 1977, pp. 63-72.

M. B. Lawrence and B. M. Mayfield, “Satellite Observations of Trochoidal
Motion during Hurricane Belle 1976,” Monthly Weather Review, Vol.
105, No. 11, November 1977, pp. 1458-1461.

M. B. Lawrence, “Atlantic Hurricane Season of 1976,” Monthly Weather
Review, Vol. 105, No. 4, April 1977, pp. 497-507.

E. Loomis, “Contributions to Meteorology,” 4merican Journal of Science,
Vols. 14-29, 1874-1889. (See especially Paper No. 14, Third Series
Vol. 21, No. 121, January 1881, pp. 1-20.)

D. M. Ludlum, Early American Hurricanes, 1492-1870, American Meteoro-
logical Society, Boston, 1963, 198 pp.

Meteorological Office. Palisadoes Airport, Kingston, Jamaica, W.I., Various
published and unpublished notes on Jamaican tropical cyclones.

J. C. Millas, “Hurricanes of the Caribbean Sea and Adjacent Regions During



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

the Late Fifteenth, Sixteenth, and Seventeenth Centuries,” Preliminary
and Final Reports to U. S. Weather Bureau, Institute of Marine Science,
University of Miami, Miami, Fla., June 1962, June 1963, June 1964.

B. I. Miller, “A Study of the Filling of Hurricane Donna (1960) over Land,”
Monthly Weather Review, Vol. 92, No. 9, September 1964, pp. 389-
406.

B. I. Miller, “Characteristics of Hurricanes,” Science, Vol. 157, No. 3795,
September 1967, pp, 1389--1399.

C. L. Mitchell, “West Indian Hurricanes and other Tropical Cyclones of
the North Atlantic Ocean,” Monthly Weather Review Supplement
No. 24, U. S. Weather Bureau, Washington, D.C., 1924, 47 pp.

C. L. Mitchell, “West Indian Hurricanes and other Tropical Cyclones of
the North Atlantic Ocean,” Monthly Weather Review, Vol. 60, No. 12,
December 1932, p. 253.

C. L. Mitchell (?), “Hurricane Types, 1900-1920,” Manuscript Charts,
U. S. Weather Burean Library, Washington, D.C., no date.

National Hurricane and Experimental Meteorology Laboratory (NHEML),
Coral Gables, Fla., Unpublished “storm wallets,” 1957-1977,

C. J. Neumann, “A Statistical Study of Tropical Cyclone Positioning
Errors with Economic Applications,” NOAA Technical Memorandum
NWS SR-82, Fort Worth, Tex., March 1975, 21 pp.

C. J. Neumann and D. A. Hill, “Computerized Tropical Cyclone Clima-
tology,” Mariners Weather Log, Vol. 20, No. 5, September 1976, pp.
257-262.

G. F. (Mrs. E. V.) Newnham, “Hurricanes and Tropical Revolving Storms,
Great Britain Meteorological Office, Geophysical Memoirs, Vol. 2,
No. 19, 1922, pp. 228-333.

J. E. Overland, “Estimation of Hurricane Storm Surge in Apalachicola Bay,
Florida,” NOAA Technical Report NWS-17, Washington, D.C,, June
1975, 66 pp.

V. A. Myers, “Storm Tide Frequencies on the South Carolina Coast,”
NOAA Technical Report NWS—-16, Washington, D.C., June 1975, 79 pp.

E. Palmén and C. W. Newton, Atmospheric Circulation Systems, Academic
Press, New York and London, 1969, Chapter 15, pp. 471-522.

J. Fernandez-Partegas, “The Unrecorded Hurricane of October 1945,
Monthly Weather Review, Vol. 94, No. 7, July 1966 pp. 475-480.

C. H. Pierce, “The Meteorological History of the New England Hurricane
September 21, 1938,” Monthly Weather Review, Vol. 67, No. 8,
August 1939, pp. 237-285.

J. C. Purvis, “South Carolina Hurricanes,” South Carolina Civil Defense
Agency, 1964, 43 pp.

W. C. Redfield, “On Three Several Hurricanes of the American Seas . . .,
with Charts Illustrating the Same,” American Journal of Science,
Vol. 52, 1846, pp. 162-187, 311-334; Series 2, Vol. 18, 1854, p. 160.

H. Riehl, Tropical Meteorology, McGraw-Hill Book Co., New York, 1954,
392 pp.

31

79.

80.
81.

82.

83,

84,

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

H. S. Saffir, “Design and Construction Requirements for Hurricane Re-
sistant Construction,” American Society of Civil Engineers, New York,
Preprint Number 2830, April 1977, 20 pp.

L. A. Salivia, Historia de los Temporales de Puerto Rico, Imprenta la
Milagrosa, San Juan, 1950, 393 pp.

S. Sarasola, Los Hurdcanes en las Antillas, ed. 2, Imprenta Clasica
Espafiola, Madrid, 1928, 254 pp.

L. T. Shapiro, “Tropical Storm Formation from FEasterly Waves: A
Criterion for Development,” Journal of the Atmospheric Sciences,
Vol. 34, No. 7, July 1977, pp. 1007-1021.

R. C. Sheets and P. Grieman, “An Evaluation of the Accuracy of Tropical
Cyclone Intensities and Locations Determined from Satellite Pictures,”
NOAA Technical Memorandum ERL WMP0-20, Boulder, Colo,
February 1975, 36 pp.

R. H. Simpson, N. L. Frank, D. Shideler and H. M. Johnson, “Atlantic
Tropical Disturbances, 1967,” Monthly Weather Review, Vol. 96,
No, 4, April 1968, pp. 251-259.

R. H. Simpson and M. B. Lawrence, “Atlantic Hurricane Frequencies
Along the U. S. Coastline,” NOAA Technical Memorandum NWS
SR-58, Fort Worth, Tex., June 1971, 14 pp. )

R. H. Simpson, “The Neutercane—Small Hybrid Cyclone,” Paper presented
at the Eighth Technical Hurricane Conference, AMS, Key Biscayne,
Fla.,, May 1973.

R. H. Simpson, “Hurricane Prediction: Progress and Problem Areas,”
Science, Vol. 181, No. 4103, September 1973, pp. 899-907.

D. B. Spiegler, “The Unnamed Atlantic Tropical Storms of 1970,” Monthly
Weather Review, Vol. 99, No. 12, December 1971, pp. 966-976.

D. B. Spiegler, “Cyclone Categories and Definitions: Some Proposed
Revisions,” Bulletin of the American Meteorological Society, Vol. 53,
No. 12, December 1972, pp. 1174-1178.

A. L. Sugg, “Economic Aspects of Hurricanes,” Monthly Weather Review,
Vol. 95, No. 3, March 1967, pp. 143-146.

A. L. Sugg, L. G. Pardue and R. L. Carrodus, “Memorable Hurricanes of
the United States Since 1873 National Weather Service Technical
Memorandum NWS SR-56, Fort Worth, Tex., April 1971, 52 pp.

I. R, Tannehill, “The Hurricane,” U. S. Department of Agriculture, Mis-
cellaneous Publication No. 197, Washington, D.C., 1934, 14 pp. (Re-
vised by U. S. Weather Bureau, Washington, D.C. 1956, 22 pp.).

R. Tannehill, The Hurricane Hunters, Dodd, Mead Co., New York,
1955, 271 pp.

I. R. Tannehill, Hurricanes, Their Nature and History, 9th rev. ed.,

Princeton University Press, Princeton, N.J., 1956, 308 pp.

H. C. S. Thom, “The Distribution of Annual Tropical Cyclone Frequency,”
Journal of Geophysical Research, Vol. 65, No. 1, January 1960, pp.
213-222.

=

31



96.

97.

98.

99.

100.

101,
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.

113.

32

F. G. Tingley, “Charts and Notes on West Indian Hurricanes, 1871-1930,”
Manuscript Charts (Unpublished), Office of Climatology, U. S. Weather
Bureau, Washington, D.C., no date.

U. S. Army Air Force, Headquarters Air Weather Service, Northern Hemi-
sphere Historical Weather Maps, September 1945-December 1948,
Washington, D.C.

U. 8. Army Corps of Engineers, “Hurricanes Affecting the Florida Coast,”
Appraisal Report, Office of the District Engineer, Jacksonville, Fla.,
July 1956, 41 pp. plus Appendices.

U. 8. Army Corps of Engineers, “Analysis of Hurricane Problems in
Coastal Areas of Florida,” Survey Report, September 1961, 74 pp.
plus Appendices.

U. S. Department of Commerce, NOAA, Federal Coordinator for Meteoro-
logical Services and Supporting Research, National Hurricane Opera-
tions Plan, FCM 77-2, Washington, D.C., May 1977, 104 pp.

U. S. Navy, dnnual Tropical Storm Reports, 1950-1968 published by
various Naval Weather Service activities.

U. 8. Navy, Annual Hurricane Reports, 1969-1971, U. S. Fleet Weather
Facility, Naval Air Station, Jacksonville, Fla.

U. 8. Weather Bureau, Climatological Data National Summary, Vols. 1-
14, 1950-1963.

U. 8. Weather Bureau, Climatological Data (State), various volumes, vari-
ous periods for each State.

U. 8. Weather Bureau, Monthly Weather Review, Vols. 1-92, 1872-1964.

U. S. Weather Bureau, Monthly Weather Review, Vols. 93-98, 1965-1970.

National Weather Service, Monthly Weather Review, Vols. 99- 101, 1971—
1973,

American Meteorological Society, Monthly Weather Review, Vols. 102-105,
1974-1977.

U. S. Weather Bureau, Nationa] Meteorological Center, Manuscript Weather
Maps, Northern Hemisphere Surface Charts, Washington, D.C.

U. 8. Weather Bureau, “Hurricanes and Tropical Storms in the Gulf of
Mexico, 1875-1956,” Manuscript Track Charts, (Unpublished), New
Orleans, La., 1957, n.p.

U. S. Weather Bureau, Daily Weather Map, Washington, D.C., 1872-1963.

U. S. Weather Bureau, Daily Series, Synoptic Weather Maps, Washington,

D.C,, January 1949.

U. S. Weather Bureau, Daily Synoptic Series, Historical Weather Maps,
Northern Hemisphere Sea Level, Washington, D.C., January 1899-
June 1945.

114. U. S. Weather Bureau, “Hurricane Carla,” Weatherwise, Vol, 14, No. 5,
October 1961, pp. 192-196.
B. Viiies, “Investigaciones Relativas a la Circulacién y Translacién Ciclénica
en los Huracanes de las Antillas,” (English translation: C. Finley),
U. S. Weather Bureau, Miscellaneous Publication No. 168, Washington,
D.C,, 1898, 34 pp.
W. M. Wendland, ‘Tropical Storm Frequencies Related to Sea Surface
Temperatures,” Journal of Applied Meteorology, Vol. 16, No. 5, May

1977, pp. 477-481.

115.

11e.

APPENDIX A

Chart Series A

Tracks of North Atlantic Tropical Cyclones By Years, 1871-1980
1871-1885 Tracks only, no intensity

1886-1898 Maximum intensity (tropical storm or hurricane) only.
1899-1950 Tropical depression (dissipation stage only), tropical storm,
hurricane or extratropical storm

Tropical depression, tropical storm, hurricane or extra-
tropical storm

‘Tropical depression, tropical storm, hurricane, extratropi-
cal storm, subtropical depression, subtropical storm

1951-1967

1968-1980

(See table 1 for definitions of various stages)

Note: Six blank pages have been provided for attaching track charts for the years
1981 through 1986. These charts (for the preceding hurricane season) are
normally published in the April issue of the Monthly Weather Review
(108).

APPENDIX B

Chart Series B

Tracks of North Atlantic Tropical Cyclones by months, May through
December, and by 10- (or 11-) day periods, June 1 through November

30, 1886 through 1980
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WER TV NMEE il dleAsg NORTH ATLANTIC HURRICANE TRACKING CHART
2 ] BEULAH Aug. 2078 — — ——r— - - -
" H o BEULAR o Jocis ] - ) T A X .f
4 H] CINDY Sep. 16—19 . N . .
5 H DEBRA Sep. 19—24 .. ce
é 1H) EDITH Sop. 23—29 !,
7 ) FLORA Sap. 26—0cf, 13 . s
8 (4] GINNY Oct. 16—30 cel
4 m ELENA Oel. 25529 a0
K
D
a0
{T) TROPICAL STGRM:DId 1ot reach hurricens intanalty.
(H) HURRICANE: Raccha hurrlcone forca ot sama pola. oo
wessseeses Trapical Depression (dovelopman) stage
------ Troplcal storm wioge
Hurrlcane  stage
- +++++ Extrotropical stage
H %K %X Depresslon {dlssipation) siage
© Posltlon of 7:00e.m. ES.T
@ Potition ot 7:00p.m. E.S.T.
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L S Jon 2oy NORTH ATLANTIC HURRICANE TRACKING CHART
- 2 W o JuLA::.—,sA_nE.G ’/ / i R R
4 m BRENDA Avg. 7—10 c - :
5 AR (15 Aug. 20—Sep. 5 A\ . e
& ) DORA Aug. 31—Sep. 15 o
P ] FLORENCE e g
7 (‘I‘I’) GIAD Sep 1324 B 1
10 {H) HILDA Sep. 28—0zt. 5
] ISBELL QT 816 It
2 m Nov. d—9
40%
1) Tropical Storms Did not reach hurricane Intensity. »' " /
M) Hutricane: Reached hurricans intensity. 1 bse
or hurricane.
------- Tropical dapresiion [developmani] stage
== =Tropical storm riags ( ¢
age
s+ +Extratropieal stage \\7‘ o N ¥
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OPosition at 7:00 a.m. E.S. . ’? 3l M. {
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NORTH ATLANTIC TROPICAL STORMS :
ORIGINATING IN THE PERIOD 2{¢U.S. DEPARTMENT OF COMMERCE, WEATHER BUREAU|
NUMBER TIFE  NAME o v : NORTH ATLANTIC HURRICANE TRACKING CHART
2 M ANNA Aug, 21—26 / o — TS o = g -
a5 2 ] ‘BETSY Sop. 12) . / ) i . . -
4 {A) CAROL t .
5 DEBBIE . RN
) ELENA e
T 50
2
409
(1l Trapical Storm Did not raach hurricans infensity,
{H) Hurricans: Reached hursicans infensity. e
o hutelcana.
....... Tropical daprassion (development) stags
= ——Tropical storm stage
Hurricano stage
[351\]+ + + +Extratroplcal staga
% % #Troplcal deprassion (dissipation) siage
OFasition ot 7:00 a.m. E.S.T

LANBERT CONFGAMAL CONIC PROJECTION
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CRIGINATING IN THE PERIOD 44U.S. DEPARTMENT OF COMMERCE, WEATHER BUREAU|
M A o 4sa 7.4 NORTH ATLANTIC HURRICANE TRACKING CHART
2 {H) BECKY Jul. 13 - - — T T Ty — — -
+5° 3 H CELIA ol 13=21 .. S 2 Y L e .
4 {H) DOROTHY Jul. 2231 . . -
5 [ul ELLA Jul, 22—28 AR . .
s TH} FAITH Aug. 20—Sep. 7 g . .
7 M GRETA Sep. 1—7 .
8 M HALLIE Sep. 2021 o
g H) INE Sep. 21—0ct. 11
w6 JUDITH Sop. 26—30
n @ LOIS Nov. 4—13 a
a0
{1} Tropical Storm: Did not reach hurricane intensity. .
[H] Murricane: Reached hurricans intansity. st
or hurricane.
....... Tropica! depression (development) stage
———Tropical starm stage
Hurricane stage
35l + + + +Extratropical stage
% % % xTrapical deprassion (dissip
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NORTH ATLANTIC TROPICAL STORMS > i N
D?U.s. DEPARTMENT OF COMMERCE, WEATHER BUREALUJ|
nuen e e s | &7 | NORTH ATLANTIC HURRICANE TRACKING CHART
2 H BEULAH Sep. 5—22 n - T e — o — — - -
4 3 M ‘CHIOE Sop. 4Z21 / . 72 T L N
4 ™ DORIA Sep. 7—21 cL
5 a EDITH Sep, e 1 - M
6 {H) FERN 4 </
7 i GINGER Oct. 5—8 . -
8 5] HEIDI Oct. 19~-Nov. | . o
K
40
T} TYropical Sterm: Did ndt reach hurricane intensity. |
[} Hurricane: Reached hurricans intensity. s
or hurricans.
....... Tropical depression [development] stage
= —~—Tropical storm stage
Hurricane stage
35 ++ + +Extratroplical stage
# # % ¥ Tropical depression (dissipotian] stage
Position at 7:00 o.m. E.ST
®Position ot 7:00 p.m. £.5.T.
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T - 7 - 7 D AR L =3 157 P S— 177 Y T Ay — A G - " 7 ase
NORTH ATLANTIC TROPICAL STORMS
ORIGINATING I\ THE PERIOD A’ﬁU.S. DEPARTMENT OF COMMERCE, WEATHER BUREAU}
or e e O | NORTH ATLANTIC HURRICANE TRACKING CHART
2 Hi BRENDA Jun, 1726 — - - — T Ty — T -
45° 3 m CANDY Jun. 22—26 . 4 e L - . .
4 DOLLY -
5 i EDNA Ce
6 57 —_— e
7 m FRANCES . :
8 M GLADYS Oct. 1321 5o
4
10
[Tl Tropical Storm: Did not reach hurricane intonsity.
H] Hurricone: Reached hurricane intensity. \\_\
(S7) Subtropicoh Nevar ctassified as a tropical slarm
or hurricans. .
Tropical deprassion (development) stoge P
— —~—Tropical slorm stage ]
Hurricane slage
+ 4 + +Extratropical stage X {
% % # ¥ Trapical depression (dissipation) stage ~— \ / ¥y (
35> b D Sublrapical deprassion {winds less than 34 kis.] e 2 \\ A
» b b Sublropical storm {winds 34 kts. or higher] 7
OPasition at 7:00 a.m. E.S.T N N
@Position ot 7:00 p.m. E.S.T. 5

LAMBERT CONFORMAL CONIC PROJECTION

STANDARD PARALLELS AT 30° AND 60°
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1257 120° 115% 110% 108% 100" o5 90 05 80° 75° 70~ eor 60~ 55" 45 40° 357 36 25 . g o o O -
T 7 P 7 > w2 — T = — — 5 = e — > WeSTOLERST = lese
NORTH ATLANTIC TROPICAL STORMS I
ORGINATING I HE PERD ‘U.S. DEPARTMENT OF COMMERCE, WEATHER BUREAU|
4
NUMBER TYPE NAME DATE .
e T Yoo wmases| -4 NORTH ATLANTIC HURRICANE TRACKING CHART
2 BLANCHE Aug. 10—13 — ~ — P I — - g
FR ] CAMILLE Aug, 1422 I i L] 7 RN R . o N ) AR
4 H) DERRIE Aug. 14--25  |NUMBER TYPE NAME DATE - : : "
5 Jul EVE Aug . 24—27 % Oct, 28—31
6 {H} FRANCELIA Aug. 28—Sep, 4 17 (H) Oct. 30—Nov. &
7 () GERDA Sep. 5~10 8 [H) MARTHA Nov. 21—25
[ HOLLY Sop. 14—20 -
2 H INGA Sop. 20— -7 ocr|
10 {H
nooqm .
12 sn E
13 m JENNY
14 {H) KARA
15 M LAURIE
() Tropical Storm: Did not raach hurricane intansity.
{H) Horricano: Reached hurricane intansity.
{ST) Subtrapicals Naver classified a3 a tropical storm
or hurricans,
pical i stage -
———Tropical storm stage
Hurrlcans stage
4+ + +Exiratropical stage
# % ##Troplcal doprassion (dissipatlan} stage
> b b Subtropical dapression (winds less thon 34 kis}
» P PSubtropical starm {winds 34 kts. or higher)
OFosition at 7:00 a.m. £.5.T.
@Poiifion ol 7:00 p.m. ES.T.
™
)
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b

o

LAMBERY CONFORMAL CONIC PROJECTION
STANDAKD PARALLELS AT $0° AND 80%
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1257 120% 115 110° 100" 5% 90° kil 80° 75 70* 65 60 58° 0% A45° 407 35% 30 23 20 15% 10"
y s P A 4 O I S T  —ry T =1 - — yosa o T Jase|
NORTH ATLANTIC TROFICAL STORMS P
ORIGINATING IN THE PERIOD U. S. DEPARTMENT. OF COMMERCE, NATIONAL WEATHER SERVICE
NURBER THRE A Moy o7 NORTH ATLANTIC HURRICANE TRACKING CHART
2 m BECKY — —T T T TS — — -
hd 3 H CELIA e Vi i L L. -
4 m
5 m DOROTHY
6 H) ELLA
7 [ul FELICE
[} ] GRETA
9 (H) wl
0 M
R
40"
(1) Trapical Storm Did not reach hurricane Intonsity.
{H) Horricane: Roachad hurricans intensity.
(5T} Subtropicali Nevor classified as o tropical starm
¢ hurricane .
P \ stage 130
=== —Tropical storm stage
Hurricane stage
++ 4 +Extratropical
#% % xTropical de [dissipation) stage
351 & D b Sublropical depression (winds less than 34 kis)
» > P Sublropical storm (winds 34 kis. or highar}
OPasition at 7:00 a.m. E5.T
@Fosition at 7:00 p.m. ES.T.
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LAMSERT CONFORMAL CONIC PROJECTION i
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NORTH ATLANTIC TROPICAL STORMS
ORIGINATING IN THE PERIOD
1971

NUMBER TYPE NAME
1 m ARLENE
2 L4
3 [H BETH
4 [ul CHLOE
5 il DORIA
6 H) EDITH
7 (H) FERN
8 (H] GINGER Sop. 5—Ock. §
9 ] HEIDI Sep. 10—14
1w IRENE Sep. 1120
1 m SANICE Sap. 2124
12 KRISTY Qct. 17—21
13 m LAURA Nov. 12—=21

(1| Tropical Storm: Did not reach hvericana intansity.

(H] Hurrlcane: Booched hurricane intensity.

{571 Subtropicah Nevar classified as a tropical storm
or hurricane.

++\Tropical depressian (development) stage

Tropicol starm stage

% %% ¥ Tropical dspression (dissipation] stage

» P P Subtropical storm [winds 34 kis. ar higher)
OFosition ot 7:00 a.m. E.5.T
@Pasition ot 7:00 p.m. E.

D D D Subirapical depression [winds leas than 34 kis.)

s

LAMHERT CONFOAMAL COMIC PROJECTION
STANDARD PARALLELS AT 30° AND 60
SCALE OF NAUTICAL MILES
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123" 120° 115° 110° 108% 100° o8 80° 11 [ T8 T00 [ £0* 83¢ 50* a5 40* . £ 30° 25° 20% 15 10*
T 7S - . - i S—— 7 T =Tt vy T — ——1 11 S W W z - ™
NORTH ATLANTIC TROPICAL STORMS 4 p -
GRGINATING IN THE PERIOD A’%ﬁ U. S. DEPARTMENT OF COMMERCE, NATIONAL WEATHER SERVICE
MUMBER TYPE NAME DATE
‘aeR TIPS ol 2o » NORTH ATLANTIC HURRICANE TRACKING CHART
2 i AGNES Jun. 14—22 / - - T R T e’ o T T
45¢ 3 i BETTY Avg. 22—5ep. 1 .. S Vi o Sy e R R
4 m CARRIE Aug. 29—Sep. § . . . .
5w DAWN Sop. 4—14 .. Sl
6 F" Sep. 1921 .
7 51 Nov. 1—=7 . -
Jaor|
4
0]
AT} Tropical Storm: DId not reach hurricane Tntensity.
{H) Hurricane: Reached hurricane Intensity.
(ST} Subtrapical Nevar clansified as a tropteal siorm
ar horricans.
------- Tropica! dupresiion [development) stage ps
——«Tropical storm slage
Hurrlcane stoge
++++Extratropieal stags
* % % #Troplcal depression (dissipation) stage I~
as4| & > b Sublroplcal depression fwinds luss than 34 kis)
» B B Subtropical storm (winds 34 kis. or highsry
QPaslilon at 7:00 a.m. E.5.T
#®Position at 7:00 p.m. E.5.T.
hor
50
5%
25
oo
20t
ixe
159
jto|
107
5
B
H
H
5
LANBERT CONFORMAL CORIC MROJECTION A H
SVANDARD FARALLELS AT 20° kxd $0- g
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T — A“;:;IC TROPIC::-HORMS T10t - 9:_5: To0* 55 TSR T ox S0 Co- ﬁ- Ao e E TR S T tor 5 WESTO*EAST. £ o
N — . :
ORIGINATING IN THE PRion ?' U. S. DEPARTMENT OF COMMERCE, NATIONAL WEATHER SERVICE
e T M s NORTH ATLANTIC HURRICANE TRACKING CHART
3 '(sﬂ')' BRENDA Juku:;?ﬁt’;f‘ A / 2L 7S B
oo CHRISTINE Aug. 25—Sep. 4 : : . . .
5 0m DELIA Sop. 1—6 - o
s M ELLEN Sep. 14—23 -
7 W FRAN . 813 R .
8 m GILDA oct. 1628 "
K

T Tropical Storm: Did not reach hurelcana intansily.

[H} Hurricone: Reached hurricane intensity.

(5T} Subtrapical. Never classified as a troplcal storm
or hurricans.

....... Tropical depression {development} stags 4 Lo . b

———Troplcal storm stage

Hurricans stage

++ 4+ +Exiratroplcal stage

%% % xTropicol depraasion (dissipatien} stage -

35| > b B Subtropical deprassion [winds less thon 34 ki)

» » P5ubtropical storm (winds 34 kis. or highar}
OPosition ot 7:00 o.m. E.5.T
@Position at 7:00 p.m. E.5.T.
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{7} Tropical Storm: DId not reach hurricans intensily.

{H) Hurrlcans: Reached hutricane Intensity.

{57) Subtropicok Never classifisd as o tropleal storm
urricans

------- Troplcal daprassion {development) stage

———Troplcal storm stage
Hurelcans stage
b

355 > & P Subtrapleal
» b B5ubtroplcal starm {winds 34 kts. or higher)
OPosition at 7,00 a.m. E.S.T
@Paiition at 7:00 p.m. E.5.T.

LAMBERT CONFORMAL CONIC PROJECTION

STANDARD PARALLELS AT 30° AND €0°
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125 1207 1157 110°

=

50+ 85> 60%
7 7 I

75+ 70~
O T S

NORTH ATLANTIC TROPICAL STORMS
ORIGINATIN‘S;I; THE FERIOD

M} Troplcal Siorm: Did not reach hurricons intsnsity.
{H) Hurricane: Reached hurricane infensity.
(ST} Subtropical: Never classified as a tropical storm
r hurricans.
1

P { stage
— —w—Tropica! storm stage
——Hurricans stage

++ + +Extratropical stage
% % % Tropical deprassion (dissipation) stoge

» » »-Sublropical storm {winds 34 kis. or higher)
QPasition at 7:00 a.m. E.

@Position at 7:00

U. S. DEPARTMENT OF COMMERCE, NATIONAL WEATHE

NORTH ATLANTIC

R SERVICE

NUMBER TYPE NAME DATE
1 [l AMY Jun, 26—Jul. 4
2 BLANCHE Jul, 23—28
3 CAROLINE Aug. 24— Sep. |
4 DORIS
5 M ELOISE
] FAYE 2
7 GLADYS Sep. 22—0¢t. 3
8 U] HALUE Oct, 2427
) Dec. 9—13

b b b Subtropical deprassion {winds less than 34 kis] [

™

LAMBERT CONFORMAL COMIC PROJECTION

STANDARD PARALLELS AT 30° END 0%
SCALE OF NAUTICAL MILES
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» » PSubtropical storm {winds 34 kis. or higher)

123 120% 115% 110% 108% 100* -\ 90 s 80% k- 104 65° 50* 55 507 457 40% 35 30 25 20° 15%
7S . X =7 L) I = ol T=] VI I L —T T =1 1 T N kY I
NORTH ATLANTIC TROPICAL STORMS o 4
GRIGINATING N THE PEHIOD </l U. S. DEPARTMENT OF COMMERCE, NATIONAL WEATHER SERVICE
NunbeR TYPE NAKE ot e s 7 NORTH ATLANTIC HURRICANE TRACKING CHART
2 m ANNA Jul. 28—Avg. & - - — T — - -
45° 3 {H) BELLE Aug, 6—10 .. L Zz Wi e A -
PR CANDICE Aug. 18—24 . : . .
5 m DOTHE Avg. 17—21 . e
& EMMY Avg. 20—Ssp. 4 .
7 {H] FRANCES Aug. 27—5ep. 7 . .
s By Sep. 13—16
9t GLORIA Sep. 26—0ct, 4
0o HOLLY Oct. 2228
407
{T} Tropical Storm: Did not reach hurricane intenalty. ™
{H) Hurricane: Reached hurricane intensity. \\_\
{ST) Subtropical: Never classifisd as o tropical storm N
or hurricane. s
Tropical depression (devalopment] stoge
Tropical storm stoge I‘
——=Hyrricane stage
++ + +Exlratrapical stage ) i H
% % % #Tropical depression [dissipation) stage N 3 (
a5 b b DSubiropical depression {winds less thun 34 kts.] ‘\71 s Ny \
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QOPaosition at 7:00 a.m. E.5.T
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4 H} DOROTHY Sep. 26—30 C . . .
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6 m FRIEDA Oct. 16—18 N S R
P 40,
9
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(T} Tropical Starm Did nat raach hurricans intensity.
H} Horricane: Reached hutricane intenity.
{5} Subtropical Never classifisd as o tropical storm s o
or hurricane. 8
....... Tropical depression {dovelopment) stage * o
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++++Exlm|m|pld:e| lh:'gl dissipotion] a1 < 'y
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ol 5 Buttvoptcan deprossion pesmds toss toon 34 kie) | Sy
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151 Jan. 18—22

45°
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z
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5

0om IRMA
1 m JULIET

Oct. 711
1H 3] KENDRA Oct. 28—Nov. 3

{T] Tropical Storm: Did not reach burricone intensity.

[H} Hurricane: Reachad hurricane intensity.

(5T} Subtropical Nevar elassifisd as a tropical storm
or hurricane

..Tropical depression [developmant] stage

Trapical storm slage

Hurricane stage

++ + +Extratropical sloge

% % % xTropical depression (dissipation) stage

» b b Sublropical storm (winds 34 kis. or highar)
QPosition at 7:00 a.m. E.5.7
@Position ot 7:00 p.m. E5.T.
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GHIGIMATING N THE PERIOD ”ﬁ U. S. DEPARTMENT OF COMMERCE, NATIONAL WEATHER SERVICE
nomper e e ; NORTH ATLANTIC HURRICANE TRACKING CHART
PE ol éﬁ\ / 2 S 7 NN\
4 [} AV i . . .
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7 (H} GLORIA . ~ - \ R P
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e 51 —_— Oct. 23—25 a0
2
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pse

+everrTrapical depression (developmant] stage
—~—Trapical slorm stage
Hurricane stags
++ + +Extratropical stage
* % % #Tropical depression {dissipalion} stage
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OPosition at 7:00 a.m. E.5.T
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ORIGINATING IN THE PERIGD f U. S. DEPARTMENT OF COMMERCE, NATIONAL WEATHER SERVICE
NUnBER THRE - Name st kg | 7 o NORTH ATLANTIC HURRICANE TRACKING CHART
2 {H] BONNIE Aug. 1319 / — — SR RS T I WA T o e
45 3 H CHARLEY Aug. 20—25 L cL Z wis L L .
4 n DANIELLE Sep. d—7 .
5 (H) EARL Sep. 4—10 . =
6 [ FRANCES Sop. 5—20 o
7 M) GEORGES Aug. 31—Sep. & . .
8 T HERMINE Sep. 20~-25 . = -
9 {H) IVAN Sop. 30—0ct. 11
0M EANNE Nov. 7—16
nooH KARL Nov. 24—27 9
401 \\’, '/\
/
(1) Tropical Starm: Did not reach hurricane intensity. b {9
] Hurricane: Reached hurricane intensity. [
(ST] Subtropical: Nover classified as a tropical starm " o2 ! -
or hurricans. oS /
------- Trapleal depression (development) stage ! "
———Teopical slorm stage I / oy
Hutricane stage .
+4+ 4 +Exlrotropical stage q B X {
# % % ¥ Tropical dopression (dissipation) slags ~— A / P |
35 B D D Subtropical depression (winds luss thon 34 kis.} . s, Xy ‘\ Foni
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STANGARD PARALLELS AT 30% AnD 80+
SOALE OF MAUTICAL WILES I
oo o s o w0 see ! M
/ ] | ! / |
0" a5+ 80% 75 65 L= 45" a0 35 30% MAPIOLSS 144

142




o5 50~ 83+ [ [

75" 70 65 55¢ 50~
= L D AR S 7 R 1| — LM €73 I
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2 m BRET Jun. 28-Jul. 1 e - - 5 i -
45 3 m CINDY Avg. 2-5 2 P - A -
4 (Hl DENNIS Avg. 7.2)
5 (H) EMILY Aug. 31-5ep. 11
6 I FLOYD ep. 212
7 {H) GERT Sep. 6.15
] 1H) HARVEY Sop. 1119
9 1H) IRENE Sap. 21.0¢t. 3
1w JOSE Oct. 29.Nov. 1
n (H] KATRINA Nov. 2.7
12 tsh Nov. 1217
a0t

T Tropical Storm: Did not reach hurricane intensity.

{H) Hurricane: Reached huericans intensity.

(ST) Subtropleols Nover classified os o tropical storm
¢ hurricane.

«-Tropical deprossion

—Tropical slorm 1tage

——Hurricane stage

+4 + +Extratropical stage

B > b Sublropical deprassion {winds less than 34 ki) [

35'h] & b > Subtropical storm [winds 34 kis. or higher)
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@Pasition at 7:00 p.m. E5.T.
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3
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H) Hureic eached hurricane intonsity.

ropical deprestion
ropical storm stage
urricane stage

++ + +Extratropical stage

35| ™ P P Subtropical slorm {winds 34 kis. or highar)
QPosilion at 7:00 a.m. E.S.T
®Position ot 7:00 p.m. E.5.T.
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ARTMENT OF COMMERCE, NATIONAL WEATHER SERVICE
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LAMBERT CONFORMAL CONIC PROJECTION
STANDARD PARALLELS AT 30% ANO 60%
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NORTH ATLANTIC TROPICAL STORMS p —
jffé DEPARTMENT OF COMMERCE, NATIONAL WEATHER SERVICE
NUMBER TYPE  NANE Ny NORTH ATLANTIC HURRICANE TRACKING CHART
2 (R SARRY Avg. 2329 g T T § T
% 3 (H CHANTAL Sep. 1015 / - 2 WS o i .
4 m DEAN Sop. 26-30 .
40°
[T} Tropical Storm: Did not raach hurricane intensity.
H) Hurricane: Reached hurricane intensity.
{ST) Subtropicok Never clossitied as a tropical starm
or hurricana.
Tropical depression
———Tropical slorm stage
———Hurricane stage
++ + +Extratropical stage
D b b Subtropical depressian [winds loss than 34 kis) |-
[35°\] > > > Subtropical storm |winds 34 kis. or higher]
OPaosition at 7:00 a.m. E.5.7 *
®Fosition at 7:00 p.m. E.5.T.
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45° a3 m BERTHA Avg. 30-Sep, 4 . . 2 s
4 m CESAR Avg. 30-5ap, 2 . :
5 H) DIANA Sop. 8.16 = .
6 [u} EDOUARD Sep. 13.15 e .
7 m FRAN .
[ il GUSTAY < \
9 H HORTENSE 50
0 yl ISIDORE Sep. 25-Oct. 1
n (] JOSEPHINE Oet. 7.20 4
12 N KLAUS Nov. 5.13
13 uu Doc.12:24
40 {
M Tropical Storm: Did net reach hurricane intensity. )
{H) Huericane: Reached hurricane intensity. L r
{ST) Subtropical: Never classified o3 o tropical storm Sy
r hutricane. !
«eeeeesTropical depression / e
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